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• ifln|EtODucnoif# 

In any factor)^ engaged Jn Ae manufacture or nitratea products, 
the Aci(fe attetion, which js regponsibfe for tlie*preparatt®n of the»mixed 
*^idsf used in tlifl nitratiorf prpcesses, should. bj; (^fgapised far as 
possible 19IT rational aml^teuidartilEd •linesA,'l'l*e need iSf a ca*efully 
» regulated a(|id| cycle e»pliasised in the cite ol^pperations ip whic^ . 
it is nec^sa«y to q^rr^lar^e aLocks oT licitl in process. InstaiKes of 
this kind are aflbrdhdjlp exjllosivys maoufac^re, wflifere the quantity erf* 
acid i«5q<S g«eat|y cxrfeds the bulk^of* flie ni^t^ j^roduct produced? 

Thu^ in tiiewproduc^'ion of nitroael^uloscvofUjfca comjfafetively srrtall 
propyi»ti 4 >n ®f the nifnc acifl conlant of the fresh mi'xjd acid is removed 
during, the i:rftr,^tion stage, and, a? will be ^en latSr, the nwnipulation 
of J;he :ici8»^ulting horn this alage furnishes jin. tex^^llent exatnple of 
' acid b'Jyice on a large sci^e. Some whali similar ii^tances arise in thS 
production of ikitroglyceifine and of 'I'NT, aifd it is the purpose of. this 
publication to indicate tlie methods adopted in, drawing up.rtit aecessa^ 
acief balances for these manufactures. " * 


Having arrived at ?i satisfi«;t()ry scheme with^regard to the theo- 
rel^ital^ide of the acid’cycle, it is essential^hat the^iuw^tifies stipulated 
intheift'id balance should be realised as far as ijj,)ssible in practice. Fpr 
the rrormal working* oTany pcid factory there i^a^j ojitimum pcfeili(fi'*in 
^respect of acid stocks wliich it i^thc aim of the acids maijager to maintain. 
To altempt to control pIaift*output by referencoptf) the stoffles alone is< 
impossible^ howeverrsince tht^ quantity ant^ variety of acid in stoclc can 
successftfiry conceal any tendeuc:)’ fow.ard ovei. or’und^- production 
ryitil •lhes«* have becDinc pronounced; in other* wo^ls,* the’ conftol 
would pass from the acids manager to tlte s*oftigc tanks. ,Morecrver, a 
plant ^vill be more.cconomicTally opej^a’led if^tjie ouy^t'is steady and 
not fluctflating from day to day op from week to. ^cek, for it iy 
obviously unsound, both from considerations yf the jirfant .a 4 id of the 
operatives, for the working to be of a spasmod'*; or inteipiitteftt nature. 
An account is given in Section I* of the methods w^u:h have beSa 
devised in Goxernnient explosive^ /aclories in order to rfepresent^ 
graphically the figures obtained from the daily stock sheets and other' 
plant returns, so that the c loseness with which** the* acids* balance is 
^being followed maybe detertjiined at a glance, aiiiPany deviationefrom 
schedule may be (flecked before they Jiave* assumed troublesome 
proportions. 


Since tl*e plant and process for acid mixiftg may be said to fornt* 
the*main*con trolling factor in the acid cycle as a whole, a detailed 
description of these is given, reference being made at the same time to 
the calculations involved in mixing* acids of varying strengths tc?*oblain 
i6ulplto-nilric ijcids of constant compositian. Tlijs description takes the 


Fhe following ^bhrcviiitions are used throughout, feu 

trinitrotoluene, MNT for #monii«;'h*toluene, NCI .for®nitroglyc<yine, 
GC for gfmc’-ottqn, and NC foi^nitrooellulose. * * * • 


‘ Manufactu 


ton, a 


I'KI'F nnrl it»; iritrtr 



TykoRY AND PRACT^E ^ACID MIXING. 


ai3iuj.j.vji 


ACID CTCoa. AUJ^miASC^ AND COMTEOt'OF OOTOTT. 

following ^accottnf it^i,s d&pribe in 

detail the method^ usedvih*drav#ing lip acid bA'anoes. to Coptrpl the 
cycle of H' ld^-pfcduciSvnXancI rccoT^ry in tlie'mdtiufac(ure of trinitro- 
tofuenc uityoglyrqfine, and nitrocellulose. AVhougli'tlfe meAod^ 
adopted in picso tlifl^c cases arc intrinsically the same, ve/th5 \\Welv 
varying^ processes ured in the production of l^iejic fiir^e '^Kdlosives 
snider a ccrtam *,ty.oupf of <livergcnce in procedure essChtial. This 
- IS .nqt the case, however, as regards the planVs necessary for producing 
rad recovering the aaids used, and the tiMT acid' mixing plant 
processes *'* 3 may be taken as a standard type for the t,hrec 

I 

/I'Nt ACID CYCLE. 

''Ajad Plants.— Ill a'hf- self-contained farloiv manufacturing TNT. 

1 he, followiqig acid uivts’ are required _ ‘ . - 

(1) Plant for prodiicing oleum. 

( 2 ) Plant for ooncpntratlng siilphuric acid. 

',( 3 ) Plaql for deritrating the spent acids resulting from the nitra- 
tion stages. , _ ' ' 

(4) I’iailt.foriabsorbiiig and^ returning to proci-ss in the form of 
vveak ftitric aeid the”'dcgradalion products of nitric acid 
rcsifilipg from (3). 

'(5) Khlut lor the priiduction of strong nitric acid. 

' (6) Plant for wasu-ng nitre bags to recover the residual iiit-e 

, tlieieirom. 

(yj Add mixing plant. 

(<S) Slqiape r^pai.;ity for sulphuric, nitric, Jrcsli mixed, and spent 
acids, &a 

• 

It is not the; intention hgre to refer in “detail to these plants, other 
than,that lor ;u;icl mixing, but a brief summary of 'the function of each 
ns api)licd to TNI manufacture will now be given. 

f 

Mixed Acids. 

['wo mixed acids are produced at the acid-mixing jilant, vi/...:— 

(a) T(N'r mixed' acid of composition : — 

• P^r cent. ' 
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ACID CYCL’Ef AHI>»^CID. BALANCES. 


. (6) MNT m\ed acid of cotTiaosition.’— 



iPet cent. 
65*0 

.17*0 


. lOO’O 

* * 

, Ror^ea,son| wh:w^fri need not be dlsfcuss6(|j*ere,^ was decided ndl 
to at Q^^n’s Fer^ the* nitrati«i^ schtyntf iu which*t^fe waste ‘qpid 
from.tk^trkiitratiort .stage,is rev'iyified with nitric acid ar^d utilised for 
the mcjnonitjation stage. Both TNT ifnd'MNT rtitrationjicids, there- 
fore, are hv^ed entirfSy from fny;h acids, i.e., a^l spent ^cid is deaitrated, 
*an"ll nojjortionof it is revivified or otherwise Vtilised in *the prtf.- 
paration‘of furrier quantifies of mixed acid.* 


Spent Acids. 

^The spent acids produced aie as follows 
; * X®) "f'NT spent acid of composition* — 

• • , . Per cent. 

H,S04- “ .... 71-2 

HNO,- . . . ,. ^3.3 

H^O 25-5 


. 100 

• — 

The difference in dilution ‘between tke* mixed :uul, spenr acms ' 
represents water formed durtng nitr/aion, tijgether %it’fl water added 
during th'b nitration stages to securo separation of i^e nilrotoluenea 
in solution. The spent acid usually contains a])p/oxim;it(»ly i per 
cent, of nitro-compounds (consisting chiclly of nai)no-and,dinitfi’)t(Jfucne) 
when received at the denitration pUent. The pToj)oxlioitof water add^d 
during the nitration stages is calculated to give a content of yi f)er c«nC 
of H2SO4 in the spent acid, so as to brin*g the latter as near as possible to* 
the 70 per cent, strength necessary for denilralioir.' 

(b) MNT spent acid of composition : — , 

H,S04 * 

•HNO, * 

H ,0 


Per'cent 

- 

- 0-5 

- 27-2 


• 100 ’O 

The nib-o body is present in this acid to the extent of aj^out 0-5 per^ 
cent. , The incftastiin dilution fro«n mixed acid to s])ent acid is dufi in* 
this case wlyslly to th% formation of water during nitration, no wati'r 
beingtedded directly./ The composition of the mixed aoid.is calculated . 
to gwe an IfaSO^ content of y2*5>->r. fc j!.nt. in the spent add.* this figure 

• The ^INOs fipure shown in tlie Fig. r, iiicliut^s the HNO^^oiUeiU, 

and is <9 2 per cent, ligher tliauMS given above. • 
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ACm MIXING. 


is, higher than th^ 71 pe\ cen<. for TWT spent acid, \^t 72*5 per ce|it. . 
sulphivic acidjifi regarded As tlie^nihimum safe strength f^ scoring in 
the steeK tanks ^t rthe MNT jdant, and fdi* deUVering ^Uirough wrought-,, 
i^on p^ipfe-lirwjs^to the id ^ectio?. f • * • ' ' ' 

nf^nitration fUd Abso^tioti^Flahp. 

•fs mad^ at, the ^enit] 4 ition^)lS^it ^As regards the 
^ lA^cyyaVkties 01 spent acid. ^emix^^jrerO^tte two 
acids is chargficFto thedcrntwitingpoiiimn, aftd, so^iar as tlte^demtrator^ 
concentrators, retor^^s, and oleum ]>b.nt are concerned, the jcccfs are 
treated as though a single a'cids cycl^/were in operation. 

Thh dilTereno^^ ijrdilution of the s])ont acid airrlFesulti]j/y,.dhnitrated 
acid represents the^tearii rihsorbed during the denitration stag^ and fhe* 
^'^§tem recently introduceti of prcheatijig tl’m, acid bci^ore denitration 
mis aimed ‘k\., reducing ftiis increase to the lowest i)()ssible limits. 

Tfie nitrous gases liberated during nitration, after passing through 

in the form of weak 


,, 1^0 (difference* fs mad^ 

treatrnent of jthe tf\^o,ya\kties * 


a sf^.ries of absorption towers, are fmall) recovci\^d ii 
nitric acid (50. "lO 51 per Q^mt. HNO,) which is 


utilised for 'iniidng 


])Ur[>oscs. 
* \ 


Concentration Plant. 


^dic v'Listomary metljod of proceduiT in the .Queen's Ferry^'acids 
cycle utilises the o)loum j)lKnt, a^wcll as the ordinary ('onconlrators, 
fop ^ concentrating the weak sulpliuric ac:id. Tlu^ sulphur trioxide 
])rodured at tfte Grillo oleum plaid is absorbed directly In the 
concentrated tacid from the (iaillard oonccMitration plant.*'* The 
^Gaillard towers**’have, \Kerefote, to remove the (vater erderkig the 
cycle at ^tlie WiN^'F and* TNT nitration i)Iants and at the denitrators, 
less'ihe iuhount *of water in the sulpliuric acid charged as fc(^d acid 
p/ the nitric "acid reWts, and the amount lost in a(’id spilled«or 
'otherwise consAineo or lost in the r:ycle. 


Oleum Plant. 

This plant js worked to produce two varieties of acid, viz., 

(a) 20 per cent, oleum, 
and (6) 98-6 per cent, sulphuric acid. 

All th^ concentrated acid produced at the ('oncen/'.rators is delivered t^ 
the oleum plant, with tlie exce])ti(3n of a small amount used in the 
preparation of MNT mixed acid, 'and a larger quantity ured, together 
with Grillo 98*6 [ler .cent, sulphuric ac'id, for the mixing of feed acifi 
jfor the iiitrjc acid retorts. 

‘ In general, two Grille units pr<^:du('e oleum, wjiilst? the remaining 
tnir are operated to yield 98*6 per cent, sulphurk acid. This procedure 
provides, a (sur][)l us of oleum, which is I'asily ^forked oft at the acid 
mining plant ’whenever it sho¥!rts«i.'.:i;^ tcirdency to accumulate.. The 

* Weak sulplmbc arid ex Grillo plant being concetitratfd at the NC Acids 

Sermon, it follows that only SO3 enters the TNT arilds cycle fre^n the Grillo plant. 
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I ^ ^ 

sulphur trioxide \itering thecycit at theJLJrillit)4)Iaiit balances the total 
losses of;SOj in th^ cycle, inoluding the SO^ cpntett of the retort feM 
^cid. • 


A small ^xlng pianf adjacent tg ^the mitrW. 
supplies^fi-uifST^m ^ed acid* the HgSO^ 

being jipproxiinatefv 


H2SO4, 

'WNii: 


■9: 


acid retor4: houses 
usage at the Retorts. 


NbJ‘cut ’• is made in the nitrie acid^pixxluced, the' ^hole of the 
acid rcco^e;l^d, incUicSng Ijoth ^veak and strong a^'id^ is run iyto lead 
• receivers, yielding an acid of 87 per ('ciH. avgrRge%frength. The on 1?^ 
weak nitl'ic aci(J ('ollectejJ Separately ('omes fftaii the. absorption to^vGus.# 


Miij^ing Phinl. 

i'howlmle of the weak nitric acid prodijced by itbscfrption towers 
* at Jhcjienftration and nitric acid ])l.'ints is utilised for MNT mixed acid, 
the iTRlance of nitric* anii^l for tliis^icid being /l^de up of strong a^'id 
frpiij the retorts. Sulphuric*agd of approximatcI>' 95 j)er cent, strength* 
► -is required in order to yield.c'^ mixture of the desyccl crfrnjxviftion. This^ 
is secured by raakiirg two standaid mixes, one with Grille- 98-6 per 
eent. sulplniric' acid, which allords ajrcatly^and [apid means of mixing' 
off tliQ^weali nitric acid as it is jmdured, and the other wjtlfpoiKxmtr^ed 
a?id from tin^ (laillard towers, which iiUroc^-Kics the strong nitric* ac*id 
from tlie retorts iiex*essarv to nic'ilre up the re^juiied *(]uiimitv of MNT 
mixed*acid. * ♦ # “ 

TNT mixed acid is always mixed from olcunt ^8*6 jier ceni. 
sulphuric acid, and strong nitric* acid. No \\;gak in trie acid i»ras a 
riite, introduced into the mixed acid. 

Contrast between How Sheet and Acids« Balance. — J he usual [ireliminfiry. 
to the understanding or control of an acids cycle is the calculation of 
what has been called the “Acids Balance.’’ It ^i^ ndc ^:ssa i*y to cHstin- 
^^uish this clearly from tlic flow sheets, ’•*' exami^lc# of which are*given 
on [lages 6 a and 6b, \|/hich arc issued montJily by the Sl?itisti('al Section. 
.The acids balance is in itself, of course, a" How sliced, but therp are 
several esseiitial differences between tlie t*w(3 whic.h need to 
recognised : — ^ ^ 

(a) The How sheet merely suiiiniarises the rec'ords of the* actual 
working of the various plaiils^over n particular |)criod, and 
it by nc:) means follows that they nvill be ojieraled in 
€icc^ratc “ balance ” during any period workifig. ' 

Accordidigf to the relafive eflicienc;es of the various plants, 
rile sk3cks^()f acids and the tcdal tonnages of SO. and HNO, 

^ 9 ^ 

^ A cletaifed dcscriplioti of ♦he to;.T»iical record? and other plant reliirns^froni 
which thest flow sheets are drawn <ip is ^'ven in the “ Ffeport on the Stiitisfical 
Work (jf the Factor^? Branch,*>inib!ishe(l by H.W. Stationery T)nice. 
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, . \ U ^ 

in circulatiQH wi 4 fluctugit^ ffom- mont^* to month. The 
acids bajanc^ attempts to forecast concjftions of worldiig, 
whWh will keep the acids in^the izycledn accurate balance 
afUie same time'maintain a fixed, pfe-determined total 
01 SOj^and^fli^j in circiillhtion.vf • , / 

(b) iThe efficierySfcs .of plants vary from<^mofcth tp ;n^nth, particu- 
larly wl]pn they^arf, fiardj)rcsscd totpr€Kluce tbsir, maximum 
output*.- These ^varia^ions^affecf difff?ent<?plSlits for*difFereiit 
tilpnth 5 > so N^iat tfic ^yorkings of s\ 4 ccesafive*>iTi?inttis are 
iflcfbm contimfakle. No single' month can be f^egardfed 9 s 
i^prescnting average WT)rhing condiliorfs. »- , 

(r) In «addition to these more or less acridcntc/1 variations, 
imprc'AT.ments in inodes of ‘working fAk? p]acQ^.t^ontinually, 
whic'h ifeuder“|.he i'ecords of past* working unsuitable, unless? 
modified, as a programme for futur e workir^g. 

' ^ ‘ .i 

Only in the case of a process wliich has bec ome standardise(,\ and 
stereotyped in its methods of workinj. would^for example, 12 months 
average woricing, a^ represented by a yearly flow sheet, ('on$,titntc a 
satisfactory basis for future Vontrol. In the case c)f a proc'ess yvhich is 
developing, the main yalue of the six or tw-^We months flow sheet 
is to indicate the progress which has be^n made since the period in 
I question. * 

The Acids Balence.—ln orejer to be satisfactory, an acjds balance 
should shovy r. — 

{a) 'Fhe flow sheet quantities for average working eflicienckes, 
indicating clearly what these eflicienc'ies are. The (juantitics 
giveii^hiust, of* course, be. stic'h as will preserve nn iuxurate 
baJfinc'e of acids in the cycle. 

^(6) The variations^to be made in the '‘average” ([uantities on 
acebunt of All possible variations in plant ('iru'ic^ncies :wid 
othiir abnormalities in the working of the cyc le. 

The considerations outlined above will serve to indic'ate the 
di flic Lilly iii making but whataiiay be called the. average acids balance. 
Short- period flows sheets are unsatisfactory, on account of the errors 
introduced by sucdi factors as faulty measurement, i.e., errors which 
mc^re or less level up when figures are taken over a Icingcr period. 
The average acids balahce given in Fig. i was derived mainly from 
the Indf-yearly flow sheets for the periods July — IDec ember, 1^17, pages 
6a and 6b. During this [leriod efficiencies and methods of working 
were fairly steady, and the figu'rcs given can be regarded as fair 
averages of normal working. ' 

f 

’ Checks to the workmg of the Acida Cycle.— In order to be quite certain 
of the satisfac'tory working of the cycle, it is ad/isable, in addition to 
constructing, the acids balam:e, to devis/ij suitable atid easily a^oplied 
methods of checking the results mI it?, application. The points referred 
to in this and the pleceding paragrapltv^vill now be taken in order. 
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Calc\\T10N of the "average §AKANCE. 

This will be givfin in isomfi 'detail, in order to make ^uite clear the 
rflethod employed. 



dealt afc fA' lOO tons o/ TNT.j 


•Acid. 


TNT mixed acid 

TN1' spent acid - - . . 

Consumption at Irinitration .••tage - 

.MNT^nfti^w'd arid - ^ - 

MNT acid ' ; ' " 

Coijsiynption at mononitration sta^e, 


• 

• 


I|JS(V 

• 


HNO,. 



• 




^ 1 

Tons. 

Pcrceif. 

fons. 

Percent. 

'J'ons. 

485 ’ 6 

79 .5 


180 

'^ 7*4 , 


712 • 


6 

22 ‘9 


— 

18-5 

— 

H 5 

r()2 ‘o 

•() 5 o 

• 

TOO* 4 

• 

* 21 ‘ 2 

34*3 


72*3 

• 95 9 

0*7 

o' 9 » 

• 



% 

. TC> 


33*4 



— — 

1 # • 
• 

• 

• 

ir ■ ■ 


'Flic i)jev'f‘ntago of HNO^ in the^’ini^'t^cP ac'ids iii^ Ihc above tables 
includes 0*2 ])er cent, of UNO. ('alciilated as HNOj.* # • 

• Tlifi nitrbus acid in thesj)ent gudds is a I so^ expressed *as rIN 03 ^ On 
tlie basis of these figures, the ;u'ids balance will next bp catculated for 

the varkuis ulants in«oicler. * • • * 

• • ••. 

Denitration Plant. — The data for this plant r^juire t^ be wofkcd out 
first of all, in order to as('ertain the tonnage of #iNOj rocovenTir* ^The 
output from tlie retorts is directly dependent uj>on tkii^^gure, inasmuc'hl 
as tlicy liave to sup])ly the‘. difference l^ielwei^n the total HNO^ coiiteAt 
of the mixed acid and that rec overed from tht^ ^.enilrators. 


^a) Received by Dcnilmtovs, 



HjScv 

HNO,. 

• 


► Tons. ^ 

• 

'Pons.* 

TNT .spcj:it acf? 

,3''>7’6 

22 q 

MNT spt^t acid • - 

• 

95 '9 • 

0*9 

, Total * - • “ 0 ' * 

- • 1 

4C-3'5 

i ^ - J 

23*8 


No part of these ac^ds is revivified, tlie whole being driiiftrated am 
•concerflratejJ. 
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\b) Recovery*of HNOy 

The flow sheet gives an average jarovery of* 80*63 i-ciu. , ciu « 
eveA 80 per^:e?nl * will ‘be y.ssumed fos pupooses of ‘calculation on thiS 
assurAption — ^ • 

Amount of tfblOj recov/^ied = 19*0 lt)ns.* 

Amount of. WNO3 Idst = 4‘8«tofis. , \ 

Average strength Af»nit5tc acid re('ovcred^=^ per cent! HNO3. 

, . . Amout^l'of iiitrv: V.id obtajifed fronkthe denitrators'= tons. 


(c) Reawevy of I‘LS()4. 

The How shed giv^e‘>^o‘5y per ('CJil. loss. Taking 0*6 per cen^dlosi; 
Ait even figure, then— 

Lo?is (>i\ 463*5 tons*H^S()4 2*8 ions. 

Amount H^SO, re('Oveie(l - 469*7 „ ^ 

With the system of pro-heating spent acid before ('barging it to the 
denitration cofumns, the deni’trated acid is produced at iustreneftji of 
68 per ('cmt. IL-SO^. ' , , ' 

y\n^unt of denitrah^d acid ~ “ ^^77*5 fc>ns. 

Nitric Acid Ptot.— Tlu^HNO^ reciuiremenls for 100 tons of TNT are 
aji follows ' 

• ^ For*TNT mixed acid - - ‘ - - - - 87*4 Urns. 

For*MNT mixe(f atid * - * - - - - 34*3 >» 


wf * Total • - 12V 7 

I Less cju.'intity* recovered at denilralors - - k^'o 


DillerewcHi • - ^ 102*7 »» 

This quantity imisi, be supplied by the retorts, and at an average 
str(!ngtli of’S/’O «[)A‘ cent., lequirc'S iiH’o tons of nitric a('id. The 
average efliciency (rf tjie retorts over the six months was 94*6 pei cenj. ; 
a fair standarcl figure for the present purpose is 95 |.)er cent. 


.*. Amount of HNO^ (as NaN03) to be charged - 
. 102*7 «» ^ 
0*95 

• * 

Amoiml of NtlNO, to be cliarged’ - ~ 

f 

Amount of dry sodium nitrate (98 per cent. 
NaNO.,)- - - 


108 •! tom 






'I'lie galc'ulation of the tonnage of ‘feed add fof the retortstrequiics. 
a /urther deviation from the flow sheet. , 

The ratio the half year was O' 993. 

NalNU, 
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This was shortlx after w^rde, ted ficeS to o''97^whiclf will certainly be 
sustained. An ^tempt is being fiiade to*redtlt(? it stijl further to 0*^5, 
but it refltains to ofe seen whether such a figure is ^easij3]e wlien«a higli 
^utput is defuandad.* • * 

' On the basis of a o*Q7ifatio?lh#refore- 

• a • • ** * IAS’S*' 

HjSO-reti lured for f«ed acid = - = 14*^4 tons. 

• . «'«7 ^ 

Eflflivalejiat weight o£ 93 ^er rent. * • • 

^ #ulphu^ic*a(^d* *- - - *• -^i 52 -o 4 ons. 

^ Assdming^as will be calculated»l^ter, t^iaW^he GaillaAcoucentraJ.eil 
acid ftpu^aii% 90*4 pe/cenL ILSO4, the retort feed acid will consist of 
48 '2 foils of «8* 6 per ccnt.'sulphirtric ai*id find 105 8 tons,of 90 '4 per 
cent, sulphyfu.’ acid. « , * ^ 

• *«Cbu]]aid Tower Ckmc^tration Plant. —Amount "of received from 

dcnitralors (sir.page 8) ^ *46o‘7 tons. The loss is given on tl»<^Ow' 
sheet as 2*49 jier rent., but this includiis losses,i)rior to tlie.&f)oration oT 
the Gotlrell precipitation plant for recovery of the suljihuric c^gid in* 
the exit gases from the fiaillard towers ; 1*5 ])ci j|,'ent. is a fair present 

figun- • . . • • * 

’ • fiaSO,, lost during concentration =- G’p^ons. 

■ HjSOj recovere’d ^ ^ — 453 * 8 %„ 

• il'he requisite degree of conRcntration obviously caiuiot caliailated 
until all the other details oPflie cycle have been worked out. 

MiTing fiant. 

. . (A) TNTMixed Acid. 

* This is mixed from retort nittic acid*and Grillo 98*6 per cent, acid 

and oleum. , • • • , • ^ 

AifiouAt required (see page 7) — 485*6 to#is (38641 tons H.SO. ;• 
87*4 tons HNO,). ^ .• . • ■ 

^Tonnage of nitric acid at 87 per cent. HNO^erpiired — 100^ ton^. 

.•.Tonnage of sulphuric acid required -- (485 "'U’-wV^OO ' 5) = 385 ‘ ft 
tons. * ^ • . 

Strength of sulphuric acid require^ -- . loo*^ per 
cent. H,S04. . • * 


If X is the amoLiirt of oleum (105 per certt. HSOj), and y tlic amount 
•of 98’6 per cent, sulplmric acid required, then — j 

- • • -V -Ty =385’^ 

* I* 05 x + 0-9861' = 385*1 X i’003^ 386-26 

^ ^ ^ I. * I. 

wheni;arx' = = 102*3 tons, and y , — 282*8 tons. 

In order topbtaiii 485*6tons of mixed acid from theacids available 
therefore, it ts necessary tri mix — • 

Nitric acid (87 pir cent. HNO,) - . . 100*5 tons. 

t)lcum*(io 5 ^jer Amt. H3S04) - - - 1*02*3 „ 

, Sulphuric acid (^8*6 ijer cent. HjSO,) - - ^2**8 „ 
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),(Bj x^xxvi ivij^eu :nvKi, 

This Utilises alllthe jnitric acid ex depitrators, tl* remainder of the 
HNO3 requi,re<! cximing from the retorts.* ■> » , . 

'Antounk (ffequired,'(scc<ipager7)^ i62‘6jtons containing ioo'4 tons 
^ H2SO4 and 34 ‘3 tons of HNOj. ^ t< 

,HNO, from oenitratoriy=r. 19*0 tons — 37' ’3 'tens (f. nitric acid 
* " containing 51 per 

cent. of^NOj. 

HNO„*“,om retorts', “I 5„'3 tonfi =i7*6 tons of nitric acid 

' - coiititining 87 per 

cent, of liNOj. 

Tota' — 34 ’3 tons HNO„ or 54 ‘9 tons of nitric 

* ' acid. 

Tonnage of sulphuric acid acquired =~ (162 — 54*9) = 107*1 


' Lons. 


Strength of sulphuric' acid - - — 93*75 per' cent. 

This is mixed from Gail lard sulphuric acid and Grillo 58*6* j)er 
cent, sulphuric acid. The quantities cannot' ije calculated uniil the 
Gaillard concentration has been worked.oiil. This figure will be shown 
later to be 90*4 ])er cent, (page 11). * 

The necessary proportions in which these acid?; must be utilised are 
calculated in a similar maimer U TNT mixed acrJ above, and will be 
found to btras follows - * » 


Sulphuric acid (98*6 per cent.) - - - - 43*8 tons. 

Sulphuric '^rid (90 * 4 perc ent,) - - - - 63 ‘ 3 

Grillp Oleum ^lant. — This plant produces sulj)bur Irioxide to make 
gocKU-Jl SO3 lossds in tile cycle. 


Losses in Cycle per 100 tons of TNT, 


At TNT nitralion‘})lanl^ 

I'ons. 

- 18-5 

At nitration plant 

- - - 4-6 

At deni Kat ion plant - - - 

- . - - 2-8 

At concentration plahl - 

- * - - 6'9 

Charged to retorts 

- 141-4 

Total 

- 174-2 


(b) CoYYesj)onding SO^ vequiYed jvom Grillo Plant, 


This quantity is 


174-2 X 80 
g8 


/ e., 142*2 tons, arivl to obtain the 


average balance, it will be assumed that the^ wlic^de of, this S03^ is 
supplied as 08 *6 per cent, ac id and^ oleum.. In practice, bf the 
SQj charged to Ihe Grillo plant, 92*5 per cent, is recovered In the 
absorption system and about 2*5 pci cent, in the scrubbers. The 
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ir 


scrubber a«itt ",v^nt fornierJyitQ nitrocellulose cycip ; a correction 
factor w.as introBiaced later, ^o sliow the effect its ^introduction into 
tfie TNT acid cyAe. 

^ Adds Balane6.i^IT is necesj^fy to strike a balance jn order to arrive 
at the degree of concentrci|fon vfj^iiph iiiustsbe V<^rked it) •tit the Ciaih 
lards ^ow^rs. Thisris pbssifele, since the tonnflge^^ roncentralccl ackl 
* plus tohnagi| SO3 audf d*at the Grillo4)lant is^eojual to tho*lojina^e 
of acids^equirq^ fbj*fl^ mixing^plmnt and the retosts. 


i - ~ r ^ O ITjS ■ 

T^i% balance out as foJiows % - * * , ‘ ♦ 

Gaillard Towers. Tons. •! 2Fov ^ 


H,S(^ 

Water 


Grtllo plant 


453 '8 


tOJlltcr-g^v 




142-2 


Total - 596*0 + If i 


(a) ^ TNT nuxed acid : — • 

• Otcum (i(.5 per *^ent. 

I+SOJ • - ^ - '.102-3 

• ,Sulphuri(i a+«P (98-6 per • 

cent •fl,S 0 .,) - 

(b) M NT mixed ficid : — 

Sulpliunc acid (93*75 ]3cr 

cent. H^SO^) - - * 107*1 

For retorts ; — ^ • 

Sulphuric acid (93*0 peT 

cent. - - - 15^*0 





, . Tonnage of tvater in Gaillard towesB acid (6^4*2 - 
tons. * . 

‘.^Percentage of IPSO., in Gaillard towers acid = 

^ . 453 ^ +40*2 

= 90*4 per cent., ami the amount reqitifed is ^§3 *8 — 502 tons. 

Adds Balance Diagram. — The accompanying dir^Pamm^tic acids 
balance (Fig. i) has been constructed from tlitf ^#egt)ing figuse^ The 
working out of this balance presents no difficulty exccjit in rcgarc^lo 
the acid supplied to the Grillo oleury plant. Thisl^TtH^ •residue of Jlic 
Gaillard concentrated acid, after suiqdying the amount of acid calcu-* 
lated as nec-essary for the retort mixing and TNT^iixjng j)l^ints. 

In this average acids balance only the recovery* 'in the grillo 
absorption towers (92*5 per ('ent.) is rcckon^^^d* in /calculating the 
amount of sulphur tv^ be burned at the Grillo plant. 

*• vSOj re(|uired - - - - . - 142*2 tons. 

Coitespondnig weight of sulphur - - 56*9 „ 

•.*. Weight of sulphur to be charged (based on a 92*5 p^ cent, 
efficiency, and sulphur containing, 99 oer cent, of sulphur),— 62*1 
tons. ^ ^ 

VARIi^TIONS IN THE WORKING OF THE AciDS CyCI^E.^'^ 

Having afrive /1 |it an average acids balance, it is necessary' to 
consider the effect of variations in plant working and efficiencies upcTn 
•the figures obtained. 

^ , • c f 

* *rhe facts arrived at xiiider* this heading are summari^^d on the acid Ijflkmce 
reproduced In Fig i. * • 

0 •12108 
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<• r • 

Points noedirg Oontrol«— The thr|e points to control) 

in the cycle are r <■- r * g 

t(a) The, cpncektration figure at the»Gaillard tcwers. 

(6) The rate of production of HNO3 at the rfitorts. 

, ' (Lj The Iproduetfbn SO3fat<J46‘Griflj0 plant. 

df these, the fir^t is the most important, since its effects are, n 
immediately obvious, whereas^ the over-or under jprodufi^jt^n of’ HN 
'or SOj is soon indicated 'oy the posi'fiop of tjie ^tocjcs of'mixed 
•^nmked 'acids. Provided ' the 'degree of concenlratibn^at therGjailla 
towers i? SrAisfactory, '^,he other; factors in the cycle afe^easi 
controlled. ,, - • o " J,' ‘ 

' / c ' f 

FMston Lecessitati^ variation bx concentration, — The chief faclorr^ whi 
influerKfie the degie^'of concentration fit tlie Galllard to\wrs may^ 
^classified as follows : — ' 

^ *■ ^ (a) Total SO3 losses in the cycle. « 

(bj Average strength of nitric acid used for mixing. 

i c) Import of SO3 into the cycle as sulphuric acid or as oleufli. 
d) Use of spe.il acid for mixing. 
e) Variation in ('onsumption of mixed acM. 

/) Export of SCj from the cy(‘le. ■* * . 

‘ The effect of these factors will be coiisicIerecTone at a time, assumii 
, all other fa ''tors gto remain at the figures , given in the average iici 
balance. It will then oe sufficiently accurate, for practical purposes, 
assume that the effect of any number of variations will be e(^ual to t 
sum of the separate effects due to the variations considered singly. I 
calculaitions wifi be based on the figures for an output of lOO ions* 
TNT. 

Variation in^^^Ts losseai~~Considering SO3 as H^S04, these ^osses mi 
be divided into two classes, viz. : — 

"‘(a; Losses durlirg nitration, denitration, and concentration, 32 

^ ' (b) Charged to nitric acid retorts, 141*4 tons H2VSO4. 

The effect of these oi^ the acids balance will now be discussed. 


'■ (fj) Increase of H^SO^ losses. 

Increase of HgSO^ losses by 10 tons of H2SO4 will decrease tl 
laniotint of H2SO4 from the Gaillards by 10 tons, which corresponds 
an increased amount of SO3 required from Grillo plgnl of 8 ‘0 tons. Ti 
additipnal water to be left in the Gaillard sulphuric acid is thereto 
2 tons; ,and on 502 tons this means a Jowering of the concentrati< 
figure by 0*4 per c ent. e 

* ^ t (b) Increase of H^SO^ charged to the RetorlX 

\ Increase of H2SO4 charged to the retorts by 16 tons increases t] 
SO3 required from the Grillo plant by 8’0 tons; ancJ the 93 pei^ceri 

TO ^ <» 

sulphuric acid required for the retorts by .tons, i.e , i0'8 <tot 

^ 0-93 
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This incredfees tl« water (ii> tfte*LiaiHard conceatrated afcid) by 2 8 tons, 
qjid decreases th^oncentralion figure by 0‘56 ^er.cept. 

Opoiftmptioii ^ 9^4 at ^•Retorts, — This *is afTectdd'in three ways, 
Viz. : — 

(a), By Ike efficiency of ihe'ii^eiotiAs' 

• . • • • 

Assuming'# H2SP4 %atio, a lovtering pf the efiu'ieng^* by* 

I per cent, of fftnn \)5 to ^4 pef* rcnrt.* will increase tfie 

consumed tons, Y.^., i'5%tons.^ As shown afeov#, 10 %)ns 

' incredsc^in ttie consumption of ILSO^ Imver^i the Ciuillard Concentration 
figure By 0*56 perc^^nj. An increase of 1*5 tons wUl therefore h^wer tlie 
.com^tratiWn figure by 0‘o86 per cent.. Hefige, if .lowering •*{ i 
cent^n the retort effK'iency affects concentra^um by approxiniateUr q't« 
per cent. 

S’) By '‘f 

•This was assumed to stand at o*.9>; its increa^ by o‘oi will 
• si nIilaj;Jy increase the H;S()4 consumption and, will dec rease the cgn- 
centmtion figure by D‘’^#ierjL:ent. • » 

• • • • 

' • (^*) ioLal^ctnsumption of HNO^mift Ihe^cycle. 

• . . * 

This^is the sum of the nitration and*ddhitration Josses, the average 

figure for which is 102*7 tons. ^ ^ • 

• Tfie reduction of this quantity by 5, tons would rcduc'e the.H2S04 
in the feed acid by 6 9 tons.. Now, reduction by 10 tops raises concen- 
tration by ^0*56 percent. (see above), ahtl redtiction M^b’gtons there- 
fore raises concentration by approximately o*4*per cent.®* ^ 

Effect of strength of Nitric Acid available. — 'fiffffe points hftvtfto be 
corfsidered here, viz. : — 

(a) Variation in strength of Retort Nitric Acid. 

Under average conditions, ii8*o tons of nitrti' Ac fdlEtfe supplied by 
the retorts at 87 per cent, viz., 102*7 tons of rilsi03.* If ^this is supplied 
at 86 per cent., the increased water content is 1*4 tons. The water 
•content of the' sulphuric acid used for mixing yiust be decreased corre-« 
spondingly ; •similar^ the water content of the Gaillard acid. ^ 

•The Gaillard concentration figure (on 502 tons of sulphurif ac'id) 
must therefore be raised 0*28 per cept. 

(b) Variation in strength of Denitrator Nitric Acid. 

AYith 80 per cejit., recovery, tlte quantity of nitfic acid recovered ’ 
fftim the denitrators is 37*3 tons, which, jit 51 per cent, is equivalent tb 
^9*0 Ibns oFHNCjj. pecrease*in strength to 50 per cent, increases the 
► watear content by 0*7 tons, c^or responding to a rise hi cdnc'cntraticy;! of 
0*14 percent. - • * * 
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* f • 

* (c) V(j^Y\aiiQn in denifraioY Efficiency, / 

Since the amounts ^of HNQ3 produced by the denitrators anSfl * 
retorts are c^mptementary, an increased recovery at th^ denitrators means^ ' ' 
5in increase |inf tlie avcjrage dili^ioQ of nitric acid available for 
mixin'g. ^ 

‘ An iiic'.reased deh'ilrator efficiency of 5 per cent, nu^ajis^n increased 
•recovery of i'2 ton^of IINO3, i.e,, 2\\ tons of nijjrit aci(J ^at 51 per cent. 
,friiis^itric acid rt^placos that which ^v^ould have been suppliea by the 
reto^-ts at 87 ^^\^r cent, 'iffic extra water introduced iflto the'.dycle is 
eqhal to *che\lifferenceMn "the water content of the amounts of St and 
87 per cent, nitric ac.id, each having an HNO3 content of i'2 tcfTiS. This 
figure is i ‘(5 t(\n, the e{[e<'t being to raise the Gaillard ^concentration - 
(on 502* tons) by 0* 2 i)cr ^ent. ' ' , 

r JSffect of import 0! SOj into the cycle.^-'Fhc acids balance has'^been 
ralculatedfOn the assumption that all SO^ losses will bt made good by 
the supply of SO3 free frdm dilution, by the Grillo oleum plant. When 
SO3 enters the cycle in any other way, a cerPtin amount of waler is 
introduced along with it, and an equivalent amount of w^ater must 
therefore be. removed by the concentration plant. The prv)duction of 
SO3 by the Grillo plant is, of course, reduced bj^an amount ecjual to the 
SO3 content of the imported acid. ^ 

^ The fc;jlowkng the main cases to.))e ('onsidered. Calcula'cicrtis . 
are based on a 700 Pm weekly output of TNT ; this means nomially ^ 
the production by the Gahlard towers of 3,500 tons of 90 per cent, 
acid. ^ ' 

. (a) Import of Oleum. 

This may be imported oleum from other fac tories, or surplus oleum 
from other par;t^ of the same factory, whirli it is noc'essaryjor various 
reasons to work /.^ff in the TNT acid cycle. 

If xoo tons of olct».m arc imiiortcd into the crycle in any week, this 
^^vantity at io5jger yent. H^SO,, contains 85*7 tons of SO3 and 14-3 tons 
of H2O. Hence the Gaillards will have to drive off 14* 3 tons of extra 
water. On 3,500 tons, this will raise the c'oncentration figure by 
0*4 per cent. . , ^ *v 

* (b) Import of concentrated Sulphuric Acid, 

This may be surplus from other factories, or outstanding stock from ‘ 
^the .same factory. Taking this as containing an average of 93 per cent.^ 
100 tons will contain 75*9 tons of SOj and 24 tons of H^O. 
On 3,500 tons of Gaillard acid, this represents an increase h\ the 
concei 5 tration figure of 0*7 per cent, for every 100 tons of acid taken 
into the cycle in any smgle week. 'For ease in working, the^jncrcase in 
concentration can, of course, be spread over a number of weeks if so 
Sesired. 

(c) Import of scrubber Acid from Oleum Plant, ^ 

The scrubber acid brought into the TNT acids cy^le frpm the ^ 
drying towers: at the Grillo oleum plant is best regarded as an 
imffort, rather than attempting to reduce it to the routine Of the 
average acids balance, particularly as the amount to be treated at 
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• ^ 4 f • • 

the Gaillards. will vary fr(ftn wegk 1 :o weeTc with the tiumidity of the 
gptmosphere, andV-lso with^the amount of scrubber acid issued .to 
other pafltts of the fi\ptory for*yarious.f)urposes? * • 

Approximately 200 toiis wijl require tjj concentrated p^r lyeek. 
The SO3 intent wUl inpliide the«2®5 fier ceuL re?:overy in flie scrubbiiif^ 
system* or the^ SDj charged to tlie sulphur ourn^s* and also^ the SO3 
content of tfta oleunufed to the^trong aeid scrubbihg towers. * • 

In regard fo Ifris »4TuUI:)er acid, the,Gai^lgrd tdwers must certainly 
drive /ojf a«qu%ntit^ of water equivalent tcythe wtiole of*its •watrf 
Qpntent. portion of this'is dri\«a oiT,Jioivever, in cdlbcerfctratiiTg it 
to tlie »^)rmal figure* of 90 *^4 per qent. The concentration figure must 
be raised on Jhe whole tonnage of acid* dealt with, thcMefcy-e, in order 
to drive ofit^n amourft of water equivalent tq thef water reincikiing in 
■•the^a^ubber acid after its concentration ft) 90,4 percent. : — * 

200 tonsiof scrubber acid at 6^ per cent. ILSC)^ = I26^rtit?)ns* 

H,S0,. ^ . 

200 tons of scridiber acid at 6^ per cent. H.SO^ = io2,‘9 toiiff 
SO3. ^ ^ 

Corresponding • tonnage of 90*4 per cent. stHphiiric acid ■= 

• 139*4 tons. • 

Water driven on'kin jaorinaf conctnitratioti to 90*4 percent. 

200 — 139 ~ 6o*6 tons. • 

Surplus water to betlfivcn oil = 139 ‘4 — •ic)2*9*— 30’^ toq^s.* • 
139 • 4 tons of 90 * 4 per cent, sulplmic acid contain 100 ‘8 tons 
•of SO3 and 38 '6 tons of H ^ * 

• I'otal tonnage of 90*4 cent. suli)hurTc ac^ief per weelc — 

3,500 + T39*4 —3,640 tins (approxint^itely). • 

Necessary jncroase fn concentration =i‘*o per cent. 

The efecct of introducing SO3 into the system iif ^any other form 
can be calculated in a similar way, care bemjj^ajkeii to •d^tj^gguish 
between SO, introduccnl direc tly into circulatic:)n as irwxcd ac id or ^is 
retort feed acid, and SO^ introducec] as sjient or cTLli-m acid r(:;quirTTi]| 
concentration. * * • 

• 

Use of spent Acid for mixing. — Whefcas at (Jue^n’s^'erry no ^pent 
acid is revivified dirextiy, a small amount of 'fKlT spent acid incon- 
veniently used from* time to time to c'xfirect the clilution of MNT 
•mixed acid. The use of 10 tons in a singb" week would have thc^ 
following elftc't : — ^ 

*10 tons of spent acid at 71 per c ent. H^SO^ would lie intijpduced 
into mixed acid. Ordinarily this wmld have come into circul^ion as 
conceplrSEied acid at 90-4 per cent. ^ * 

® ib tc:)ns of* spent acid at 71 per ( eiit. 1 I,S (>5 exmtain 71 tons 0/ 
H2SO4 and^'qitons of H .O. ^ , • •• 

• 7*9 tons of ccfticcfutrated sulphuric acid at 90*4 per cent. H2SQ4 

• contain 7" i*lons <)f HfSO^ anej o*8 tons HjO. 

Extra water brought into ( inflation is tlierefore (<2*9— 0*8) viz.. 
2*1 tons. , 
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On 3,500 tons of coD.centrated a'^id tKe “degree of concentration 
uinst tlicrefore beiaised by.o‘o6 per cent. ■ ' • 

The use of this small amouifl of spent acid does not, , therefore, ^ * 
serioHsly intejr/fre witb.the Ipad on the conceptrating plant. 

* f " ' . 

n Variatinii the urasomptioa of mixad Aoi^ — ^f^is is a fairly complex , 
problem,' and all that can be done hefe is to*trQat it iip^roximately, * 
whiciT suffices for piacticjfl’ j)ur|)oses , Ths.ma^ f^cto** in the case of 
each j.iix^d acid is its (Content and the tonnage o{ sulpharh; acid 

used for nyxia^. , ' , , ^ , • 

(a) TNT mixed Acid. , <, , 

>■ The' total quantity normally required is 485 ’6 tons {:.je page ,7). 
385 ^‘jI tons of sulphuric acid, having an H;,S04 content of 386‘i‘'tons, 
^re used for piixing. Considering the effect of jeductiondn consumption 
^ by 10 tons, assuming the HNO3 consumption to remain the same 
' (variation in this factor having been treated separately), then, id tons 
of mixed acid require 8'0 tons of sulphuric, acid containing 8*0 tons 
of H_,S04. The effect on the acids balance is to reduce the H2SO4 from the , 
Gaillarci towers by 8‘0 tf)ns (assuming the H3SO4 losses in the cycle to 
. be constant), and to reduce the acid frem ,nc Grillo oleuiji plant 
by8‘0tonS/» „ - 

Concentration figure = — 8 0 ) ^ ^ ,• g ^ ^ , 

, " (502‘0 — 8’0) 

lovT.ring of o*2 per <''enl. 

(b) MNT mixed Acid. 

The total ouantity normally required is 162’ tons, in the^ mixing of 
which 10.7 • I tSns of sulpliuric acid are used, having an ITSO4 content 
of 100'* 4 ‘ions. Agai'iAHTonsidering the effect of reduction in consump- 
tioti l^y 10 tons (an outside figure), 10 tons of mixed acid require 
0*6 tons of sulpiiufic acid, containing 6-2 tons of H^SO^. 'Fhc effect on 
the acids balance is to rediu:e the H,S04 from the Gaillards by 6*2 tons, 
and to reduce the sulpiiuiic' acid from tlic Grillo plant by 6*6 tons. 

1"he conc'eritration figure therefore becomes— 

(453 J’ *3 ^ 2) ^ _ cent., i.e,, 

(502*0 — 6*6) ‘ 

a lowering in the degree of concentration of 0*1 per cent. - 

Export ol Acid from the cycle. — This has the reverse effect to that 
of importing outside acid. Export is usually in the form of oleum, so 
‘ that, using the argument put forward on page 14, the export of 
100 tons in any weeK will require the concentration to be lowered 
i*By'^0’4 per cent. 

Control ol fbe production of HNO3 and 80,. — It is mot proposed to , 
treat these in detail here. The actual amounts of eac-h which are used 
per, ion of TNT -a-re obtained from the monthly flow sheets, and 
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jrariations aife at once apparenl^and easily acjjusted, provided the rate 
hi production of TNT is kngjvn. , ; • ^ • 

The SO3 required from tkrf Grillo plant in any j^afticular week is, 
3f course, equal to the jOtal €0^ consutuptidji* in tht ^irodmctftDn of 
the TNT»to be manufclctufed, pius any 8(73^0 be^ expected or requited 
for^anj^ oth^r •puirposS, jintt minus any ^©3 comnlg into the system ^n 
[>therfprtn. ^ 

]n iegard ^o ?lie Grillo plant also,*tt islTijtomar^ to produc^oleuli 
in QXceSs or the amount cak:ulate(^*as requir ^4 for mixin^^ The similus 
IS ntixgd.oH vTith sulphuric acid froin the liail lards at the fixing plant. 
rhis*does not affect the bjflance of the cycle. 


Checks to* the working of^the Cycle. 

^ • - 

• •• ^ 

JBIeoeisity lor checks. —Checks are absolutely necessary etisiire thr^t 
a c'ycle is working nonlially. lii the absence of checks there always 
th^ dapger of stocks of acid gelling out of balance, aneb in particular, 
tl^ accurrfulation or depletion of the hmounts of acifl in circulation. 
rhe«greatest danger is, the filling up of the available storage room with 
weak acid, which resuus either from too low a concentration figure, 01 
from the inability of thp* concentration plflnt# to ^ronq^jntrate to a 
suffiftently high figure the full amount of acifl delivered Ip it.* It is 
necessary 40 be able to detect this lendf^n^ before it reac hes a serious 
stage. The checks which experietic'e shows \o# be desirable arp as 
Wlows • 

(a) Check of generaUbalanre of stock. ^ ' 

{by Check of correct pro[)ortioiiiiig of, prodiu:Jlu)n of TNT anc 
MNT mixed acids at the acid mixing pbiif. 

(c) Check of total acids in (irculation. 

Check ol General Balance of Stocks. — It is obviou?Py* impossible m 
practice to preserve perfectly steady stocks, although their relative 
steadiness is a measure of the elliciency of v^^rj^infipf the cycjc as a 
whole. It is necessary at times to close down .individual pla^its for 
overhaul, burning out of flues, &c., and tl^je stSeks must permit of this 
being done. In general, the sloc'ks of each acid should be such as to 
provide 'for #ach plant : — * * * 

• (a) An ample margin of acid for working, in case the supply is cuf 
off through a temporar]^ closing down of the plant supplying 
• ■ dhe feed acid ; and • * ^ 

{b) Suffiefent empty storage to enable the pi cirt to continue working 
• wl^n the plant normally taking its output is teinpora.r2jj^ 
• unable»lo so. ^ 

The following fable gwes the ac’ids in use on the TNT acids 
section, with the idtal stprage accommodation, the » tonnage of acid 
regarded^ as desirable, the jpare storage thereby afforded, aifU the 
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tonnage of acid treated daj' on thf basis of a 700 weekly outpiit 
ofTNT. .. ^ 



^ 

f 

Storage. 

*f? *sirable 

ft fl 

—rr 

Krnpty 
^ Storagf'. 

c 

Quantity 
f, treated daily. 

. 1 

r ' 

Tuns? 

• #» 

f. Tonfe. 

* '‘t * 

, Ttins. ' 

, Tons. 

_ * 
c- 

j,6oo 

*600 

' Soft ^ 

• 800 

^400 •* 

. S 32-7 


200 

. - 

• ifooo 

' 800, 

S£0 , 

67 ? '5 • 


0 0 

, 900 * 

600* 



200 


i520 

1 - 

1,000 

500, 

r 50Ci 

382*5 


55 <> 

200 

35 « 



60 

. 30 

30 



H 

Nil 

• 50 



8 

4 

4 

37‘3 


2,200 

1 ,4(x) 

800 

485-6 


700 

260 

5 fX) 

162 0 

that wh(.‘rcas, 

in order to ensure conti/mius 


* C • 

tcicl. 

s « 


• f 


^NT spent *,rid 
MNT spent acid^. 
Denetrated aicid^* 
Concentrated acid 
Retort feed acid* 

Grillo 98*6 per cent sulpJ 
Grillo oleiJrn - -«v r. 

^Retort stronjjj nitric acid 
Retott^Mr'*ak nitric acid 
Denitrator, rii‘tfic acid 
t iTN'r mixed acid 
MNT inJ^cd acid 


nine acid 

• . 


working the TNT nitrnliiig lioiises iicccl to airily a safe stock of nlixecl 
'acid, the same consideration does not apoly at tlic MNl' section, wjiere 
a cxuisideraffie st(0ck 6f MNT is always kep^L -iii hand. ^ 

The general balance caji be readily cliec'ked wlien an agreement, 
such as is givam above lias bt'en arrived at as to what coln^titutes a 
desirable cor.dition of the slocks. 


Check of relative outputs of TNT andMNTinixed Acids. -I'hese quantities 
must be clieckc'd f»n account of the. tendency for variation in Uie relative 
consumptions oT'mixed ac'id in the two nitration processes, ihe output 
of 'rHT cniixed acldt.i,s^ checked satisfactorily lyy the ( ondition of the 
Iqtal sto('k of TNd' mixed acid. To check the production of MNT 
tliixed a('id the of both MNT itself and MNT" inixeKl acid must 

te taken into acc-oimt. Assuming that a stock of MNT must be sustained 
as a stand- by in case of emergency, the most satishu tory procedure is 
to reduce any fluctuation in this to a corresponding tonnagf' of MNT 
mixed acid and then to - heck the steadiness of llu^. figure so obtained. 


^ pheck of total Acids in circulation. — TTiis c-annot be satisfactorily, 
done by merely totalling up tlie total acids in storage m the cycle. 
For example, the Grillo plant may over-produce ’ SO3 for a time, and 
stocks Of Cirillo sulphuric acid and oleum may accumulate. This does 
not affect tlie SO-, in rirculation, however, and in order tc^ devise a 
‘ c:herk which will examine closely the satisfactoriness o’* otherwise of 
,t)l(i GaillardfConcentratioii during any period, it is necessary to define 
" “circulation ” in shell a way as to obtain a figur(? wjiich should remain 
constant with satisfactory working of the plants. Th,is con,stant figure 
should include SO3 in spent, denitraled, and concentrated acids; since 
thesci..are obviouslyTn circulation. As regards mixed acids,* Grillo acids 
and'retort feed acid, it is best to distinguish between the SO3 content, 
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wjlich is tru^ circulation acid, t.e., SO„whiclfc conies from Gaillard 
concentrated acic^ and the component supplieH by the (Urillb, 
' whicli is most s^isfactorily regarded as out* of circ&ration until it 
enters the spent acud tank^» Henc^thg SO,*to <x>hsidf r^3 is reduced 

to the? SQj in spent, denitrdtedj Snd conceiftrated auidsi remembering 
,*that*a portigp ©f Jhe ISitte# acid is to, found ‘i'Jt GriUo, mixed, and 
retort feed»acid% ** * • • * 

The’necessaky tfata»are‘as foll(^ws :-v 

, 

> (a) TNT s^ent ^ 

':y)0 tods at 71-2 per cent. rf'SO, (^ntnin 58 1 tons of.SO; 

(b) M'N'T spent Acid\ . 

100 tons j»t 72 ‘3 pjrr cent. H^SO, contam 59 0 tons of SO<* 

I (c) Denitrateci Acid. 

lyo tons at 68*0^ per rent. H2SO4 rontaiii 55*5 tons ci^f SO3. 


[i]) gaillard coiicentrated Aci^l. 


100 tons at 90*0 

j)er cent* H 2 SO 4 

con lain , 73 ‘5 tons of SOj 

100 

91 ’0 

• • 

»> 

>> 7A 3 * >) 

100 

92*0 

1 » n 

»» 75'i „ 

100 ■ „ 

« • 

93 0 

)) •• 

• 

*» 7S'g ■ » , ,, 

m • 


(e) Cirillo Acids, Mixed ^\cids, mid Retort feed Acici,^. 


I'lyi SO3 in the»e acids whic h nia}i*l)e regarded ms liaving come 
from GaillJird concentrated acid will vary \Vith Ihe^^'uiK'entration 


figure. The following table gives the tonnag(> [(^different -ccfticjejitra. 
tioi4 figures of SO, per 100 tons of each acid wliicm may he rec^^oned 
circulation acid . •K 


Circulation S(^ per nxi tons of acid when the 

• c'onrer+jjHhi^ ^ 


Acid. 



<^() per ('ent. 

• 

• 

pci cent. 

’i)2 [ILt I'cnt. 

# 

t >3 ]^cr cent. 

• ■■ ■ 


• 


• 

• 

'Fons. 

l*ons. 

I'ons. 

Tons. 

Grill® sulphuric acid (f)8 h per cciil.)- 

541 


58-8 

6i'3 

Grilk) oleum (103 per cent.) 

39*7 

4i'1 

^13*1 

I 50 

Retort feedjf ;3 per cent.) - 

eh’y 

(17 

727 

75 '9 

't^T mixed acid . , . . 

39 '9 

. 4' '.5 

43*4 

45'3 

NlNT nuxed acid * - 

• 

• • 

43*1 

1 44'9 • 

4 (c 8 

• 

48-8 


• GiVen the foregoing ligurcs, it is a matter of a few minutes to 
Theck fhe amounf of SOg in (•irc.ulation at any particular time. The 
result* so obtAined, alAough, not correct to the ne^^resf tdn or so, is 
sufficiently^accurate for ordinary purposes, and affords a ready and 
jronvenktnt method of testiikff the efficienry»of the cyc>„ 
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Cbl^ROf OF I'LANT UUTPUT. ^ 

General — At alread>^ outlined in tbg** Introduction, for the normal 
workin^^ of* dcid^f^ctoijy there is ap optimum position with regard 
V st(x:ks of ajiid^ which^jt is the af nt of till person in charge ,of the 
Acids Sect umio nufifitain. To attempt to#con 4 rot the output of thei 
r plant* hy reference* to th(j^st(?cJ:s aloi^, howfeveff is* imposjible, since 
/the quantity and variety. of acid in stock is^ald^ tj cover* up any 
tendency towards over-%^r unefer- product ion until^thesi have*^^ne too 
far *to allt)\v*J easy rCdju^tment. •hi addition to the gboye consider- 
ations, it if^.es5ential for reasons oji economy in*labour tind^iHt^terial 
that a ste^adv outpuj should be maintained. The following sy^em was 
lintnxlil^ed in ordj^r^thatf as far as possible, a fi\ed progi^mme might 
' be^clrawn u[) ff)r eacli ifidividtial ^ilant wliich would correspond the 
desffJ'd pro^luction of <inai product, and whicl^ would ^.rve to maintain 
^ normal •stoHvs of ac ids* in process. Briefly, this method of control 
resolves itself into — " ^ 

(a) The*compi lotion of an acids balance to determine the work of 
eac'h*[)lant in tertn^ of tons of final [jflroduct (TNT, NC,*'NG, 
&c.). • ' • » 

(h) A system of fflant returns vhiich gi-ve ffie daily work and stoc:ks 
^f e:y::h iJaift. * ^ # 

•(t'j The inlerpretfttion of these return^ by those in charge, of the' 
Acids Section. ^ ^ 

. Acids Balance. "•This lias already' been des(‘ribed in the foregoing 
pagest^id jt is necc^ssaiJ^'at this point merely to summarise itsfunctiems, 
which are as folj^ows ; -r-Uie de^erminatiop of the outputs required from 
ea('li iiulividii^'ij plant .in’ terms of the final produd, refe/enc'e being 
made hv ^his* pwyiose to the results of former pra(’ti('e as summarised 
in tlltr ifionthly qua flow sheets (sec pages 6a and bh) : the presenla- 
of the infonria^ion so obtained in the form of an ac ids balanoc or 
acid flow sheef(l<"igs. i and 2), which will show quite clearly the duty 
of eacii plant in terms of locv tons of final prodiu:t, so that, with a 
known weekjy production of explosive, eacdi plain can be given a 
definite programme'^ to work to. 

For example, the' following programme for the week ending June 
30th, ^ 19171 which was based on a wecdvly [iroduc tion of 350 tons of 
TN r, is (ierived from the ac'ids balance reprcDcluc'ed in Fig. 2 : — 

c Tons per diem. 

TNT mixed acid required 256*^ 

MNT fnixed acid .rvqix'ived-- 78 


Ucnitralovs to tieat “ 2^0 

( MN 1 spent acid - ", - 02 

Gaillard conicntraiors to c'onc'eatratc 364 tons of deniltated acid to 


92 per c'ent. strength (intentionally in exciess of concentration 
figure shown, n/de /fi/ni). 

Nitric acfd retorts to produce 52 tons of HNO3. 

Grillo oleum plant to produce yojons of SO, (intentionally "belqvv 
production figure shown, vide infra)} 
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Fig. 2. — H.M. Fa^to^Tj — Queen’s Ferrt.^ 
Acid^Bnldni^foi* loo tons TNT. * • 
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Table 1. 


OH’6 Unit*. i 

103 p«*r cen4 I « 
Units. ! O E 


m 

m 


fJJVNJSmmAXi ROTES 


/i is/ T 
/^/hi/TTfOAf 

''~7 os 5 


Table 2. 


iz’i 

c.E 


'•^(oniarks. 


approx. 

♦ 


ill on T05 
per cent. 


■i 04 ’ 7 j 4 J 9-5 366 


1380 


172-5 

207 o 
25«-7 
276 o 
343 o 


Flow sheet 
figures. • 
Most coi^' 

• venient for 
. I i 3 .')f> 45 o tons 
I TINT ix*r week 
301-3 ! 

241*2 200- 2 Tlhli 
251 s 154 ‘3 
238 - 167 7; 

1 M 7 0 2 iir 3 ! for retort 


352 0 342 f»ifH*3 


150-8 
120-6 


I 


Tons TNT 
per Week 



^ .)‘.3 

5(X) 

474 

43<^ 

375 

35 ''» 

325 

300 

273 

. 250 

2<.H» 

foti 


e Sulphur cliM^es usmk. 

- • 1 • . 

1 unit. 2 iiniti> 

1 unit.K. j 4 iiiii A. 1 S units. 0 units 

1 1 , 

• 

1 1 89-5 ; 70-3 

t f • ! 8 o ’4 ! ^7 •> 

a 

• , 

' 7G-4 i'G 3 G 

1 • , fH )'3 

# 

• . 85-1) GH ^ j 56 q 

• 

^ , S0-4 64*3 ; 53 6 

• 1 

♦ 7.3 3 f »^>‘3 1 .50' 2 

• ’ 3 G '3 i 4 G « 

87 J 1 G.V 3 ^ ! 43 5 

80 4 Go 3 48' 3 j 40 - 2 

p ^ m 

7 .r 7 .55-2 4.|-2 


So 


Ho ■ 4 
40 2 


o* 


50-2 
40 - 2 


4» *5 , 3.^^ 
32-2 1 %6 
iG r 13 4 


Tons, 
lotoo N A 


Per cent. 
SO o 


UNO, 


'Ions. 

-qi-2 iIN(V, 


I mixing, 32 -1 
t<»ns oleum, I 
and 132 4 tonsji^ i piTcent.' 

Suljihur charges .ire based on ^7 jier cent., and a reci>very^uf 90 pe? ceiif^, ^ 

. TNT Mixed Acid. 

HgSO^ HN(3,ng() . • 

512 tons at 79 5, 17 -8. 2 7 m.-ule from— 

I'oiis. Per cent. 'I'ons. 

• 104*2 oleum, 105 HgSC)^ lo*^' 2 HgSeV 

301-3 S/A #98 V) „ — 297 I 

. MNT Mi.xed Acid. • 

• . HgSfh HN(3, II^O. 

157 tons at 62 (I, 21 o, 17 0 made from — 

Tons. Per cent. Tons. b 

62 -5 SlJt 98 -6 H,S(), Gi -6 llgSO,. I 

r % M ^iO i^ -33-7 ». I 

,. Grii.i>o Plant. 

Produces SO, t» rep^ce the following losses : — 

At retorts - * ■*- * * i53’<’ tons fl^O,. 

• At cfenilralors - - - - 4'^ »» 

^ At^illards#- 17’*^’ ^ 

At TOT nitration plant - - ii'g®,, „ I 

At MNT „• „ • • - G-9 M ^ ^ ^ 

The flow sht*t gives a production of 41^^ q tons of q^'G per rent, acid |n# 104 -7 tons of ole.ui^ 1 his 
i the minimum •amount of oleum which maj^ be prodaced ; if more than this is marie there will** be, a 
orresponding decrease in the amount of ^ G per cent. acid, a^d the excess o^, oleum over 104 7 ton will 
c mixed with Gaillard acid (qo i i^r cent.) at the mixing plant, producing again the flow sheet figure 
f 4x^-9 tons 98*6 per ccnfl acid. Tabic i shows tihe necessary changes in the and circulation for v^^irying* 


T ons. 
39-6 N/A 
1.3*3 - 


cent. 
86 o 


ToA. 

UNO, - 19 8 UNO,. 

.. n’2 


i9g-6 — 158-0 tons of SO,. 
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quantities of oleum produced. This, in conjuntt^nn >wtli Table 2, will show the number of Grillo units 
9&*6pir cent., tneaecrssyy sulphur charge, f • . • 

and spent acids (an^thercftue the consumption oWijSOi and HN()| in 
ilio, are oased or “ 


required working on oWurt and on q& i 
The (juantities of mixed acids and 


TNT and MNT nitratioiij, as^wclPas^he reAweries at tKe Gaillards and Grillo, are leased on the 5 we^s 
practice--, 28th April lo 2nd»June, ir^iy. The ^recoveries ^ the denitralors and retorts, while higher 
than the actual (iguri^ A>r this period, are considered practical dc. ^ ^ • 

BettpMi-~Iri ,ordy to asc'ertain whether fhe various plantfi 
rompiiising fnj Acids^Se^ction ^re •vvorkingl to their program iriQs, i,e., 
l^feepingjn belantef^nd^to indicate the at^ids position gen^rajly^two. 
JeturT»*•‘'^Tre iiiade cltich dav, vfe.*: — • \ ^ 

^ (i) 1'lie acidj^storlj^at 6^a.m.*4rig.(}i. • / 

• (2)* The ]}laiit pro^uctiofts for the previous day (f ig.,4).*^ o 

are givcii Uy^^form fllustrated ir^ Fi^g. 3.* JEa^h 
column on 4 he slieei represents th^ maximum* •storagef.capiicity for 
one variety, of acid, ’and tht^ actual quantity of at id in slock jt 6 am. 
is marked ofl as slf^iwn. The relation whic’h the.actual j.tock should 
f)ear to the storagfe capacity depends on various factors, anjj. rflay 
'vaiy^ftom time to time/ Taking the stoc ks^ as shovyii at 6 a.m. on 
the 26th {t'me, for exai^ple, the only unsatisfactory stock is that of 
’the 'I'N'r spent arid, which is greatly in excess of the norm*^, but 
adjustments in the ,a(‘ids balance bail already been put into opera- 
tion in order tu reduce Ibis f»to< k.t ^ . 

. * A complete set of iMie technical records prepared by H.M. factory,, Queen’s ' 
Ferry, for the month cndiiif; Decond)er 29th, 1917, are ^.produc-cd in the “Report on 
the StatislicMl Work of th(‘ Factories Branch,” pp. *121 -154. 'I'he forms on which the 
^ wepkly recoris aiy m^v^lc !ire practically idendcal with those used for mhnfnly 
returws. 'I'lie informatioif' given in the daily rctmns, from which Figs. 3 and 4 
were <'ompi led, are necessarily taorc detailed tlian that included in the weekly and 
monthly returns. t * 0. ' • 

* I lh‘duct»i(ki SO5 stocks in spent aci(?s and deni tra ted acid : — ^ 

, (//) 'riic excess .'yid rate,pf reduction are fixed. If this rate is c tons'-per 

vve 4 k, then, for a ^^loduclion of 550 tons^uf 'FNT per week this will become 

y . per joo tons <)f VnT. 

* ih) Th^ SO«i drawn from stock will mean a corresponding diminution in 

* ^ c 

the amount required from the Cirillo oleum plant of [b — y-^). 

(c) ’A^lJefore, the degree of concentration required at the Gaillard con- 
centrators will be obtained i^rom the balance of receipts and issues, viz. : — 


From Gaillards--* A' tons of sul- 
phuric 

( “ r ” tons of I IjiSO.^ 


To acid mixing— 9 
(105 ]ier cent.). 

'J'o nitric acid 

retorts — r tons of 
93 f>cr cent. 


tons of oleum 


sulphuric acid • 


From Grillo --6~- tons of SOn. 

3' 5 


To ex])()rt-“S tons of sulphuric? acid 
(m per cenl.j. 


A + 6 ~ -tons. 
3 5 


9 -f y -jl- s toqs. 


R figure “ a ” above includes thF SO3 as , drawn from stock, f.e., 

) . , , . 

o 816 X 3*5’ ^ ' 

Degree of cohQ5*ntration required at Gaillard towers = — - ^ ^ - 

9 + y-f’‘s - 6(/- ) 

. ^3 y 

per cent., and this figure must necessarily be greater than th^t shown on the acids' 
DaUnce in Fig. 2. (See also page 11,) ‘ ^ 
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ACm CYCLES AND ACID BXlANCES^ 

* • * 

The plfti 4 production igtm 4) is '.based on * 11 ^ acid balance 
shpet (Fig. 2) and aims at sliowirig the vwrk doae by each plant in the 
Acids Section. This can be done by giving-the qunnfities eithei^of tl!e 
*acids treated or of fhe acids •f)todiiced, or bo\h, but^ m*orjler to keep 
Uie form as simple as pos^jble (^ylj o^e opt'rativa is* gj|’an, thf; 

.being inferred from tit. 'The form might wfth ad\iaMta|e be ma'de U> 
*indirate the daily^ profllV't^>n of finislu‘(J produc{*(in this case TNT)* 
but as the^retifili of^*fltis figure •is^.nuide friii?i aiujjtlier section gjlrthe* 
factory^ Ufe cori^spbiiditig ngure gn eii iMharriJ** the yiixed iwids^used* 
for mohef- and tnnitration, wjiich sei*veas a m(^*fsurc'>f production. 
The ^o^m ?o arjaiiged that horTzont^l fine* drawn thit)ugh^ fhe 
'points* on thwirst column markeft into*hiipdreds ,nf toiij/of T#NT per 
week \&ill mark pff. on the remaining columi^ the dfiily iigures 
^eq^ired froTli each partic ular plant foj* this wer'idy 4'j«->du(‘tion t>T TNT^ 
Thus/'^or normal working, the ends* of the« shaded j)orlions of^he « 
columns (which^ repiesc'ift tlu' day’s work) should ap[)roxjyiar(‘ fo a 
horizcjfital line. In Fig. ^ will he schui a repioduction df lUe i)lant. 
productions form for th(^24 liours ending ba.m. on the 24th jiiiu* iqiy, 
at vdiicU period the plants were working ^tu a \v<*^kly ])r4)gramme of 
.350. ttms c3f TNT. As regards the protluction of SO* at the (irillo 
oleLim*piaiit, it \vill be noticed that. tliis iigure i?J(‘ss than tliat stiim- 
lated. This W'as intentional* however, in ordcT to work oil stoc ks of 
WSO3 ih the spent acid. 

Interpjetetion of ^lant Retunis.-'-The clail>» record of plant ])foduction 
[Fig. 4) isMiot alone sudicieuit to enalfle .iie prodfletjon ovy a i)eriod.to 
l)C€:areIblly tvat('hed. A d.aily (luctuation in output i^ in *m ary cases 
unavoidable, and it may be nec essary, jis in the case, of tke T.millard 
•onceniration plant,»to condense seven dAys’ wDilv into^ix days in order 
Lo leave one day for burning out the flues, &r. 'To k(*e^flrac'k of these 
lluctLialions, therefore, c‘ach item on the i)lant^j4j;c)nu(dion •fc^ is 
mttired on another form similar to that reprciduced on, tlie follow in^^ 
page, which is a c'ojw of that filled in for IN 1 spwit (leiiitititc^t 1 |''^ 
for the week ending June 30th, 1917. , • 

On this form the daily productioi^ figiii'fe j^y^yhlrjuded froin the 
required Iigure, and the diffc'icmce (plus or minus) enterc'd iry the 
Lidioining column. This is then added to the e:f^x-ss ordehc it to dat(\ 
and the rc^sulting figure is c^mvcTted in the louitli c olumn into teims of 
tons of TNT'. This last figure, wdiich represents the over- or imtler- ' 
production oT each ^ilant in terms of final product, c an be sliown 
graphically as in Figs. 5 and 6 , so that the position io dale U eacli 
portion of the Acids Section may Ix^ seen at a glanc e. In 5 the 
vertic'cirl scale represents tons of TNT , llie points Trom which eac h c urve 
starts indicatin^g the required produc'tion of TNT. If tim jiroccssTS^ 
shown were’exai'tly carried out to tiic programme given (e./r*, 35 « 
of TNT per week),*the lines would be horizonlnl, sc') ibat devijirtioii 
from tHe hoiflzontai shc^ws at anv time life exc'ess or deficit in terms of 
tons i)f TNT over tlftit cjuantity. In Fig. h the vert K ah scale also 
represents tons of TNT, but thg form .is set out in ^ similar mannffr. to 
the daily production form, Fig. 4- As before, liorizonlal lines througli 
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the daily tonnirg^ of TNT required (sotottSciiFthis case) Refold coincide 
Fyith the plant pi;oductSof.. The deviation from the hor&ontal (whiqb, 
as in fig. 5, i? , plotted .by reference to the figures in the last column 
of the record of .plant output . below)'^ gives thfe excess or deficit tq' 
rflateiri terms/ of TNT, or,' by rcfer-ifig to‘;4he figures in the vertical 
poluihn, of tH i actuE^l toliiiages of acid. .4n Examination of either of, 
these, fotms will show at once^ not only whihh p&rts of the.AcidS Section 
' are cut of balance, but lh«' amount of forcing or ^ifekinf which. is neces- 
■'sary.. Thus, for the wfeek illustrated, a glance dt Fi^. f shoWs fhat the 
under-produt\ion at fhe Grillo oleum plant was equivalent 1to t25 tons 
of TNT or 40 tons of SO^; the nitric acid retort^ over-pr^uction was 
equivalent to lo tons of TNT or lo tons of HNO, ; the pproduction of 
MNT jni’^cd acid was below the required figurp to ihe extent of 
approximately i6*tons of TNT, or 15 tons of nii.xed atTid; and the 
reiKaining processes were carried out to schedule. 


RECORD OF PLANT OtTPUT. 
(Acids Section.) 


For Week ending 6 a.m., 30lh June 1917. 

Acid : — TNT Sjevt Acid denitrated (5'6 Tons = 1 Ton TNT). 


( 

■r>aily tonnage. 

Excess over 
weight 
required. 



‘ Flow requirement. 

2S0 ( J 50 Ions , 
of TN'r |.HT 
week). 

'l otal excess 
to date. 

'Potal in terms 
of ♦ons TN'r. 

Brought forward'^ 

Dav e.iding 6 r 

— 

— 

1 

1 

Sunday 

214 

-36 

-36 

- 6 

‘I'-t.-adav - - 

335 

~\’55 

-\-19 

+ 3 

Tuesday 

325 


-{-69 

+ 72 

Wednesday . - - - 

20s 

-72 

- 3 

0 

Thursday * “ “ 

2S7 

-f 7 

+ 4 

+ 1 

Friday- - 

266 

-14 , 

-10 

— 2 

Satuiday - - , - 

280 

0 

-10 

- 2 


Remarks — 


It will be seen that these graphs furnish the necessary data for the 
effective control of the acid plants individually and as a vyhole, provided 
that the acids balance represents the actual working conditions of the plants 
involved. /\ny departure from the stipulated strengths of acids, operating 




« GjjmmAHM tlTM^ LONDON. •-« 

SUN. 

MON. TUBS. 

WED. THilR. 


SAT. 


W 

FIG. 5. 


% 





• 






EEKLY ReC 








TRI N ilf^OTOUJERC MAliUFAC1|URg> 




ACID CYCLES** AND ACID BALANCES. 25 

• # » 

efficiencies, exports, or rntrattorij fosses, &c., wilUuoset the acids 
balance to a meater or less aeg^ee. U e^egtial, therefore, to keep 
clifeely in touch with the weej^ly plant reports and laboratory rejLurns, 
which witt disclose such changet^ if any are taking pl^cfe, and to note 
variations from previous practice ^vhicll haSi^zv^fi* standardised by 
the acids l^lance. certaiil caseffe it will be* necessary tel modify plant 
J)ractice*(e.^., if, 47 per^qerJ;. instead of, ^o per nifric acid wer^ 
produced at tfc^ denflrators, or if ^yeak sul|i{^uric acid of 70 per Vent, 
instead of *65 pei;. ceift. ^renglli we/e issued tlie Grille) st-riiDDing 

system),* whitet periodically the composition of^Hhe mixed acids m^y^be 
changed, in ^hi«h casQ it wifi be netdfesary#to^mend or recfons^truct the 
acids balanceks a wlfole. » ^ , ** * 

Another form of presenting summarised results of plant working 
"^is that shovsn in Fi*g. '7, which ^ives the^ultiaiate .d^stinatiorr 'over a- 
dfertain * period of nitrogen in TN'I* manu^uture. Such charts.^if 
systematically di»awn up,# have been found very useful in .ipdirating 
avoidable sources of loss, and in enabling preventable waste 'of raw 
materiefls to be reduced t% a minimum. 


NITROGLYCERINE ACil/s CYCLE; * 

luTs not proposed to give at length the construction of an ai'id 
balance for NG manufacture, aS t^ie subject bears such a close resemblance 
to theTTNT acid cycle already/V^scribed. Although the n^ratk)n process, < 
^and intact the manyfaclure of NG as a whole,* is dissimilar# in fery 
many respects from TNT manufacture, yet tne mylhod of preparation 
of mixed acids used and the subs^ciitent lrcatment«of yir#'\yaste acid 
produceef have much in common. , . # ^ • 

In setting out the acids^balance for, NG njaniifacture it is usual 
to include this alongf with a guncotton dr nitifocelliilo^e^acids balance 
as shown in the acid and water balance for 700 togs per ’vyeek of 
R.D.B. cordite, Fig. 10. A glanc e at this sheef wilF^show liow irAer- 
connocted the two cycles are, and the desirability of Irreating thejji^ 
together, especially as regards the redjstillalion witH sulphuric acid ()f ^ 
the weak nitric acid resulting from the denitration of the NG and GC 
or NC spent acid. ^ ^ # » * , , . 


GUNCOTTON AND NITROCELLULOSE ACIDS CYCLES.’^ 

♦ * . ^ ^ ^ 

* Oenfiral. — The essential differenc^e between the production of 1 N 1 
•and NG on the one hand and GC and NC on Ibe other is the method 
of treating the «pcnt ac^ids resulting from the last-named manufactures. 
The spent acid resulting from TNT manufacture c ontains little pr no 
nitric acid, the nitrogen content bein,g almost entirely in the form of 
nitrous acid, which is present to the extent of 3*5 per crent. (calc'ulalcd 
as*HN@5). NG* spent acid contains nitric acid as well as nitrous ^ 
acid, which are together present to the extent of about 8* 5* per cent* • 

■ - — I ■ ■ I ■ . 

#• Foif purposes of cofivcriience these two explosives are taken together, as^he • 
methods used fotAheir pfeparcAion areaknosl identiafl, the chief difference being in the 
composition of the mixed ar^ids used. The term guncotton is here usjjd ar indicating 
•the highest nitrated cellulose, which is substantially insolvl>lf in ethcr-alcohoh 
nitrocellulose !fe generally regarded as»a lower nitrated product, which is soluble in 
eJl^r-alcoboL -• • * 
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(calculated as^HN 03 ). It is nect^ai^^ tcj denjtrate each p% these spent 
acids by means of stiiagi ip ^prder ,• in Ifie first place/ to remove or 
destroy any dissolved organic nitro-gpmpounds, and secondly, * to 
recover in a ‘usable fcfrm the nitric •Ji^id sulphuric acid ^^hich they 
contakfi/*^ /. 4 ,|thfe’wb^e of the^pent .acidos in each case split up into 
iveak sulphu J[c £tf:ijl and •weak nitrif acid,® whicl\ after suitable treat- 
ment are then reii\trt)duced s^^rately intoithg cycle ^tjhe acid mixing; 
planJ. On the other harj^, the spgiUacid from GC nj^riufacture does 
not di{f(K very ^ greatly «n cumpo^itiorf from Ijfitt ^iginafl* nitration 
mixture used, only a sifi^ill proportion of its nitric ac iu ccmtehf, having 
b^.en re]11aced by whtei'. ilndelr Vie cohditioi)S of die displacjemcnt 
process, G(?<ind NQ are nianpfacturi*ed by.immerSing suijUbly prepared 
cotton waste in cei;tain nitration mixtures,! and the latter during the^ 
convef^on of tlv"., cotton vvaste intq guncotton 6r nitrouellulose,^lose 
njij'ic acid, together with a small quantity of sulphuric acid, a-nd gain 
a cfcrttiin, amount of \^ ater. No foreign matUr,! howa-^er, which would 
make the«kcid olherwrse unfit for inanufactiirt', is introduced during 
the nitration operation, and it is therefore ^lecessary .only to^tcplace 
the proportions of nitric and sulphuric acids which have been removed 
and to reduce the water cxMtent, in order to render tht s!>epf,"acid 
suitable for a further Viitration cy-Cje. 

In the case of the GC or NC acids v'ycld, therefore, the spent ac id 
is divided into tv^o -parts, the greater of which is “ revivified, i.e., 
brought up again to Vlic ('oniposilion of t*ne original mixed acid by llie 
addition of a specially prt.])are(l “regenerative” ‘mixture rich in nitric^ 
acid and of^low w^it^r content, \ihilst the smaller fraction oT the spent 
ac’id is treated in stills for the recovery of the nitric and suljihiiric ^cids 
which It contains, Tlie nitric acid thus obtained is chiefly in tlie foim 
of strong at:id, but a certain Miiount of ‘water is» invariably driven oil 
as the tenipei?ctture of the still rises, so that the later frat.tions of the 
acid arje consid'eraiilj' v/eaker than the first fractions. Since it may not 
be possible to utilise all the weak nitric arid on the plant, viz.^ that 
**produced bot^ ul the stills and at the retorts- -lor acid mixing in the 

• Sc’e No. I of this Scrips : “ Denitration of Spent Acids.” 

It is interesfuj?. to note ho.w important it is that the composition ()f these 
mixed acids or nitration mixtures should rigidly conform to the definite limits laid ^ 
down for them.,. In the rase of 1 'NT and nitroglycerine manufacture fairly wide 
limits are permissible in the coinposilitm of the nitration mixtures, since the products 
ofmitration are definite compounds -viz., TN'F and nitroglycerine ^a good yield,^* 
although obviously of great importance, being less essential than^ uniformity in the 
composition of tlie end product. In the production of guncotton and nitrocellulose, 
liowevcr, far greater exactness must be observed in preparing the acid mixtures for 
nitrat'ion. In order to secure a product of uniform nitrogen content (which is of 
paramount importance fiom tlie point of view of ballistics), it is necessary tp work to 
very clearly defined Unfits as regards the mixed acids used, as a slight deviation fijom ^ 
fhe standar^l conditions reflects in a very marked manner on the, degree of nitration, 
t.e.f the nitrogen content, of the nitrated product. This is especially significant in 
the case of the lower nitrated nitr<x:elluloscs with nitrogen *tontents in the neighbour- 
hood of 12 per cent. ' 4 . ‘ ^ .i ^ 

t The /^ra^ual accumulation of acid sludge (I'onsistjng chiefly, of ferric sulphate) 
is inevitable, which i^ecessitates the periodical cleaning out of the spent acid settling 
tlinks, but this factor in no way prevents the Residual nitration acids from being put 
to furtlier use. 
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manufacture ojf nitrocellulis)S(;„it is customary to collsct, all the weak 
nitiric acid whi«h cannot be utili^d for^ cK'id»inixing purposes, and to 
mix it with strong, sulphuric* acid. .This •Inixtui'e Is then returned 
tp the stills and the* nitric uuid distilled oil, 'Lhc bulR *of the water 
remaining with the sulphurjC^acid. .Since. hT)we-iw5. ady d^t'illaiion of . 
this kind will always yield a certain ja'opi>rttQo of^tbe .iitric acid ii) 
the form’ of weak acid, rt is ftbvious tliat.t|^ere is a cfiptinuld circidation' 
of nitric q.cid tliA)ugh fb^ stills ii# t^<e procesii.of conversion to s^<>ng 
nitric a<^i(l." rhe|Sahit ctiiisifleration apjilies, <(5 a. certain exteat, to the 
treatrpanf of nitroglycerine spent acid. Tlie dj. 4 iitration of this a(*fd in 
the c»lunms»,giVes ri^sn to a r(dati>/efy wr«k»nitfic acid, which, if’^it 
cannot'be utiwsed for acid n>ixing,*is niix^-d with strong sulfhurv.: acid, 
the mixthre being tli,en,dislilled in order to drive oil, the nitric acid as 
ffec^.as piy-ssflile from water. Ii'. this, fipQratiun a .simall (jiiantity of* 
weak i?itri(' acid is again formed, wfiich in Uitn must be mixed with 
strong sulphnrir'acid and rerlistilled. In a efrmbined at'^ds* eyrie, 
such aj that shown in l-'ig. lo, it is usual to'mix the exctfcs ftf weak 
nitric acid Irom nitiogly'crinc and guncotton or nitrocellulose manu- 
factiye, a,fid to concentrate it together, instepd of se^jarately. 

Tkc proportion of gunrotton or nitrocellulose s])ent acid lo b(' 
reviviTied depends uj)on ••the <'onil)ih:'u acid balance throughout tlic 
planlj* A iiKdhod of dtdcrniinkig the c'xat t njeasure in which nitric' 
rind suliduiric acids must be Rcldcd lo a guru ottoy i^pcn* acitl in order - 
to yiohl, a jucjdnc't of^siandard composition y shown by the foJlo\\dng 
explanalifhi* and c\aiu})l('. In priiu •the saiwe mctliod ai)plics to 
thf^/egC’acral?,on of nitroc'ellulosc sif(.‘nt acids. * » ^ . • 


• • • ^ * 

Mettiod of calculQjting QunCbtton Acid li^xture^ i Case J.. — l"fie average 
comi)ositi()n*of the spent acid usually available for nialciy^^ up the slock 
of gunc'otton mixed ac'id is as lollows : — . ’ ^ * 

" P(‘r cent. • 


H,SO, 

HNO, 

H* 0 - 



72-2 

^17-3 

30*5 


100*0 


* and from 75 to 80 parts of such acid are ])ro(luced for every 100 parts 
of mixed acid fised. ^ 

Now, in the ordinary course, of factory practice', it is necessary to 
produce jyst as much mixed acid as that whic'li originally j)roduc^Hl the 
s|.)^nt jji^id, fyr every 75 -80 [)arts, say, oU spent acid it is necessary 
to revivify or^regeneratc' by the addition of nitric* acid and sulfdinric' 
acids such a porfion as v’i'l yif^hl lou parts of fresh mixed ac'ul. What 
j^)oftion exactly that wilj be dei)ends entiiely upon the str.englh cjf Hhe* 
nitric aJid and sulphm ic acids Available^ for revivification. The nitric 
>acid n^ay contain from* 90 to 94 ].)er cent, of HNO^ apd sulpluirif, 
acid from, ^y, 93 per cent, up tp 104 [ler cent, of H^SO^ (if 20 per ceiit, 
oleum if supplied). 

0 1S166 
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Let it be asswined, for exam^lfe, that, the factory has jtlie following 
acids in stock _ • * 


R i 

r 

• t 

* • • 

• ‘ 

(iC spent aciil» ^ 

1 

t 

Sulphuri(^ac^. 

t— 

Hitrir acid. 

• 

— IT— T jr; R 

1 • 

* Per cent. 

P6r cent. 

Ter cent. 

floSOi - • - , - 

^ • 72-2 


• * 

J 

(p ^ 7 * 3# • 


• . 93 



' • • V- 4 

• 7 


aiid'lliMt ft necossar}’ tcV prt)du('(f K)0 Ions of giijiccHton mixed a(;fid of 
the following ('omr)()silion : — * ) • 

, ' ' Ler ccfit 

ILSO, v; ^ - .70 

UNO, - . 21 

ILP - - I - > - - 9 

'fhen, tlie Iksl point to be cdearly recognised is that the ac'ids available 
7or malvirig up the defK'iencies of spent acid art^'sulphuric acid of 98 per 
cent, and nitric acid‘s of 93 .uer ('cnt. strengths. Assuming further Uiat 
no si)ent acid fvere available,' and that it werd necessary to mafke’’up. 
the' mixed a('id direc t^Srom sulpliurj(' and nitric acids, then 70 j)Vts of 

H.SO4 H'quirc f= 7^*5 ofegS^per cent, sulphuric acid; and 

21 parts of HNO, rc(iuir(‘ ^ —22*6 parts of 93 per c'ent. nitric 

ackl, leaving, 5*9 |)arts of free ” water. 

d'lie,/)b)('ct in vie^v, however, [s not to draw rmtirely on 
snipliuric a‘‘nd nitric ac^ads, but to use up as muc'h s[)ent ac'id 
(‘onveniently po^^ibh*. The composition of the/ latter \yhich 
desired to utilise is approximately as follows - 

Per cent. 

H.SO, - - - - - - - - 7 ^*^ 

HNO,. - - r - - - - 173 

ILO 10*5 


fiTsh 
as is 
it is 


100 '0 


and in order fo make u])< a mixed acid of this com[)()sition from' 
^suljihuric acid of c)8 per cent, strength and nitrif' ac'id of 93 per cent. 

strength, 72 2 


[)arts of H^SC), require 


7 ^' 


> X 100 
98 ^ 




sulphufic acid, and 17*3 parts of HNO^, require l8’6 

oarts of 93 |)er c'ent. nitric arid, leaving 7*7 parts of ‘‘ free ” water. 

It will J)e seen, then, that if the available sulphuric ;and nitric' acids 
vere wholly used 'to make up the Tinal mixture required, it would be 
iccessary to add 5‘9 parts of. water for^ every ipo parts of, niix^d acid, 
required ; whereas, if the same acids were used make. up the spent 
acid^7‘7 parls'of svpter would need to be added to give tjie desired 
coiliposition. That is to say, if the spent acid be used for making fresh 
miYprl nrld It nmonritis to the same thin«’ as usincf suloliuric anil nitric 
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acids of thS Mrengths a^faMable^ except that water is being added at 
the same time? and the amount of speAt^ac^fl \^hi(;h c;an be utilised for 
mixing pprjioses is limited by*tljc amwnt of \v;^iter which c an bd added 
4o the mixed acid. ObviouslN^ if the spent| ac id con 4 .ains 7*7 parts of 
‘‘ free ” water, and it is desired 'ilmt tlu> filial ^c^^cnerafdd mixecfacid 
• should cofltain 5*9 parts of^ “ free " watc^r, tluAi thp rAaxinium c^uantit^' 
of spent acid w^ich cvin be utilist.‘d for cVon v too part's of mixed acid is^ - 

• - 70*6 pavt€. , 

7^7 / ‘ 

• The fin|il step is to determine* ampuuts wf sulphufic' find n^i^-ric' 
acids Avhich^arc to Mie added tc)ejhe spent acid, and thi;# of the 
determinatiort is made as follows : ' * ^ * 


From rfhc above it will Ix' that 
100 jxirls of mixed acad require 
Fropi the acid are derived : - 

76 O parls'al 73 7 i)er cent, of 
lil/T cent. suli)huri(' acid 
7C> () i)arls at iS'h [)er ccaA. of pj 
I pitr cent, nitric acid - - - 

76 ’ Oj)arts at 7 ’ 7 per cent, of “ frf c*” 


! < I ‘arts ^)r jif-r 

j (^•nl MllpljLlIU 

I .uad 


7 >‘5 


Cart-, fit jKT 

• ( lait. Dill M ni'i(i 


water 

« * 

It is therefore necessary t' 


idd 


• 5h*.| 


'**5 I 


i-rj 


I’arts nf " froj‘ 
watfT. . 


5 




d'o sum u[), therefore, the recjiiired caiiii position for loo t)arts Of G 
frcsl) mixed acid will l)e obtaint'd by mixing the foiloA’ing : — 


(it strong spent ac'id 
Sulphuric' acid (9S pi‘r c'ent.) 
Nitric' ac'id (93 per ci'nt.) 


The conclusion inav be verified as f.dlovvs 


70’t)* ’parts. 
8' V „ 


— t 


# 

100*0 


j 

M,S()* 

# 

j • hncV 

1 

7f)‘b ])arts of (it' stronj:^^ spent acid 


• 


of conipositioB ; - ^ 


, 


72 ■ 2 per cent. '] 

HNOa i7'3 per cent. >contMin 

5.5 '3 


•80 

IIpO UL>’ 3 per cent. J 

1 P^fts of sulpljuric aeid of com- 


t 

• 

position : — ^ 


• 


lJaSO,98«np,rcent.1 
, IbO 2 0 per cent. ^ 

• 14 ‘K 

— • 

• • 

t -^'3 

m 

8’ 3 jiails of nitric ac^d of yomposi- 
tioii * 

• 

k 


RNO, 93 0 per cent. 1-^ 
HgO 7 • per cent. J 


# 

• 7 ^ 

n 4 > 

« • 

» 

70' I 

21 ^0 

8-9 

« 

IT- 

- 


... - 
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Method of cUc^ting Ghuicotton Aoi4 MlittirAi : Case 2.— form of 

c'alculation given •aliov^ that stocks of sulphuftc and nitric 

acids are kept iipart, and ikat they can, l 5 fe separately brought to the 
mixing ^taiiks. In .many faftories, however, it is Tound to be a more* 
Convenient pnif'tice to Tjlend strolig •nitric adid^with sulphuric acid to 
ft)Vm what isJ^afletJ* a ^vivifying acid or^reg^ncMing wxSture,, see • 
page Jb, for a rnixtCire of the Kvo at'ids is moVe ^iafely ^.ored in large 
yessel^T' Ilian is nitri(t ac'icl^ruone.^ IiiVlns ( tlij- n<^<;essary (Tr^oulations 
take j*. slightly different' fpnn, foV the regenerative mixfure ,is Sq made 
{]rc\i: it (’ontarns a sinaUerV>icy)()rti#)ft of sulphuric acid tjian is actuaHy 
necessary tc^y^ffed the revivificalifH,i of the si)httt acid,* leavirjg the 
exact aajiis^ment to b(‘ siibsecjifently niade by adding sulj^nuric,.acid. 

' As an exani[)U,,the f )regoing^(‘ase,inay be given, wherein order/to^ 
effect revivifK'ation it w'as. necessary to adcKto each 76 *() parts erf spent 
ac'id'iS' I pf sulphuric ta id and 8 j of nitric acid. It \teuld have been 
equally ^ni(^('ious if 2f) "4 parts of a regc'iierative mixture (‘ontaining 
12*1 pnrts of q8 jier cent, sulphuric' acid and />'3 parts of 93 per cent, 
nitric acid had been lidded f^oin cme storage vessel, and thipejiarts of 
98 j)er cent, surphuric ai id frofn another. 

Now, in ordinary factory jmil tice it is ^ not ])OSsible to dTisure 
regenerative mixtures 07 sulphuric iwid of exai'tly c'onstant c’on^posi- 
lion, but this rcpie.^evts no comjjrK'atioti/ for it is only nece^ss^iry tc 
reduce' ilrc. regimerative ir*»xture to terms of ac/(^^ available, and the 
calculation thi'n follow's the stPriie^lines as in Case No. 1. h"or instanc'e, 
supposing tht ac'ids' available are (iC spent acid of the ,c'oniposition 
given al)*)Vf, 98 pf'r cn\i, sulphuric y.cid, and a regenerative mixture, 
and it is intc'tule^l to us'',the sulphuric ac'id for finql adjustment ; then, 
for i)ur[)osi's of^ pak'nlation tlu' regcTierative mixture*, is rediuy.'d tA terms 
of a mixrture of qSjier (vnt. sulphuric' acid and nitric acid, the strcTigth 
of th’(‘. ?att(T lieing ciclerminc'd liy cak'ulation thus 


A r('gcnO'r;i,Uvc •.nixiurc gave on 

analysis : — 

Per c'cmt. 

H,S0; ■ - -■ - 

- - 

H.O - ' - 

- 5 B -1 

- 37’ 9 

- 4-0 


, 100 
y 

and tile sulplmric aeid : — 

Per cent. 

H,SO, ' - ' - 

H',0 - - - , 

- 98-0 

j 

- . : ^'0 

■ 

Soo'o' 

n If it is assumell tliat theH^S04 content of the regenerative mixture 
exists in the form of 98 pei cent, acid^ then the strength of tl\^ nitric 
acid must be : — 
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. JL 

• 

a* 


~w 

HNO,. 

• 

HjO. 

• Regenerative mixture - - . . 

The HijSO^ as 98 per cent. 

• . * 

• 

5811 

• •• 

5 ^ -1 4 

* • 

•37'9 * 

• • 

40 

• % 

• 

1 ■ 2 

s 

9 

nitric acid 

I ♦ • - 

* j7‘9 

« 


i.c., 

• * 4 f' 7 

• 

•• 

» 93 j)(T**enlf 

* , T. 

9 


^ % Tlius,nhe reg(^i(‘rative mixiure ronuiiiis ^8 sul|fiuiii(' actd 

and 93 per cciU. nitric acid mix(!(l in llic pn^portioii of ; , • 

Sulpluiric acid - - - - 59*3 

« Nitric ac id - - - - _ 40*7 * • 


.• n^ec'cssarv basis for calculation js^iow [)rovided, lor i1 is (dear 
th?itjt() make up fresli mixed acid the' rollowin<i^acids arc availabk^ : — 


• » 

A - . 

• 

StuMil acid. 1 

» • 1 

W 

N»lri< a<id. 

! . • . 

• 

^SuljiJuiiic 

• • • 

• 

II2SO, - * - 

VJ^Ch 

II30 

<♦ 

IVr cor . . 

72.2 • 

> 7 '.i 
'A- 5 

• 

l*er^cent. 

— • 

t 

/ 

• • 

• 

Per cent. 

# . • 

• ^ 2 


thus : 


• • 

llic (•ak'ulation then takers the same form as iiDCase. i»(j)a^e 29), 


icx'> parts of mixed acid require 
From the spent acid are derived : — 

76 "6 jiarls at 7 .V 7 pei cent, of ()8 per 
cent, sulpl^uric ac’id - - - - 

j(j ‘6 parts at 18 () Jler cent, of 93 pt^r 

cent, nitric acid - . _ . 

76 ‘6 parts at 7 7 per centf of fre<^ water 
• 

Jt is tilerefore necessary to add - 
20'4 parts of regenerative mixture con- 
tain ^ 

• 59'3 of 98 pier cent, sulpluiric 

aejid •- 

40*7 per cent, of 93 pity cent, nitric* acid 

• 

Balance of 98 per cent, sulphuric ^icid to 
be a^ded. • 


c)H j>fr < fut 
sulpluii u’ i^cid. 

• . • 

per cent, 
nitiii. :i( id. 

. .* 

• 

Fill' watci. 

71 5 • 

• 

22, h 

• 

.S*9 

5(- ‘ 

... 

-- 

— 

H'3 

.* 5 9 

1*5 * 


... 


• 

• 

ft ! 

•12 I 

• 

• • 


• 

»~ 

• 

• 30 

ft 

— 
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The require/1 Composition for the iCiQ^iarts of fresh, mixed acids 
will thercfoH' be obtained by mixing tfie following : — r 

- GC speijl'acld ‘ 76'6parts.^ 

Kegenerativc mfxtijre •• - * • - - •20*4 „ 

^Sulphuric acK^gS per call.). ^ - c - 3’0 »» 


* ipo'Ov ,, 

, It'should be noted lh?.\^in cases v; here the su^plnn ic acid available 
for reg::neration is in the h)rm of oleum, then the acids ‘hivoHTd sliould 
be reduced^ to terms of oleun^. Tire following calculation relating to 
the revivifu:atjpn of spent a('id from the manufaefure of nlfroceljiilose 
illustrates this, and forms an e\am])le of tlie manner in' which such 
records 9>liould appeal' in the Mixing Book. 


Acid^Mix No.. 


Nifyoceilulose. 


Acid rcquirrtl. 


_ _^v 


iiaSCh 
HNQa 
H2O - 


Per cent. 
Gi‘() 
f - 5^*4 
ib‘o 


Spent acid. 

Vc[ edit. 
61 'o 
18-7 
20' 3 


A. » 

^ parts of oleum. 

85*5 (SO, in oleum) 85*3 

= 59 parts' of oleum. 

22*4 X 100 24.1 parls.of 9,} per ^ -=201 ])arls of 93 per 

cent, nitric acid. 

Vwi water (cliffcrtmce) = 21*5 
parts. 


Acids available. 

Oleum. 

Per ('('fit. 
85-:, (SO3} 

i 4‘7 

B. 


Nitric acid. 

ccr.'j. 

7 -^> 


93 


cent nitric acid. 

*^ree water ((hITerence) - ib*g 
parts. 

* ' ~ >£‘6 I^arts of spent acid ('an be taken for each 

of fresh mixed at id reqiur^. 


100 


From tilt* above it will be seen that 
100 parts of mixed acid require - 
From the spent arid are derived : - 
, ‘78*6 |)arts ^it 38’.^ per cent, of 
‘ oleum (85*3 per tent. SOJ 
*78*0 parts at 20* 1 per cent, of ^3 
per cent, nitric acid - 
78*6 parts at ^1*5 per cent, of 
“ft-ee” water - , - 

It is therefore necessary to add 


Part's of oiciiin 
(tS--, ^ jM'i cent. 

Sf 1 1 

Parts nf g j prr 
« cut nitric ai'id. 

I'aits of “ fm' ” 
water 


T _ 

— 

59*0 

24- 1 

«:6-3 

45*9 

« 



.15-8. 


■— 

— 

16 ‘Q 


8-3 

- 






DESTINATION OF*NITROGEN IN N ITJ(0!gQ*rTON MANUFACTURE . 
Month ended *27^ Api’il 1916 ■. * • 
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ACID CYCLES AND ACID llALANCES. 

■ W. . . 

To sum up, therefor^, required c 6 m])Osilion f*r too parts of 
NC fresh mixeli acid will be obtained bV "hjixin^ tlw* Cidlowing 
NC spent ,^ic, id - - <" 7 ^'^ 

Oleum (85-3 i)or egrit. 

l^itric acid (93 pe# mit.)* - - ^ ' 3 - 


lOO'O 


Qiftfts giving tlic ultimate dest inalTon of nkrogem in the protlwrlioi? 
of nkroglvcerine and nilrorMlLdosqkSnv ^loij^n tesiiectivckv ^n f< ig*;. 8 
and q and'Jl comliined acids balance for nilrogjyceriiyj and nitro- 

.r , -r 1% I’vD -ordite is reprocrnced in 


clllVi « ^ r TO T\ 

cellulose acids in tlie manufacture ol R.D.IL 

• Fig. 10. 
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gECnON 2. 



THE POfOnON' OF ACID BOXINO ^PDAStlT. IK T^ ACIDS' 
CYCLE, AND TH'^^'pRQCEDtl^ ADOFTti^^lN lOXINq.' 

.• General. -r This section re(‘or(is;>V)iT!e of ‘the work done and the results 
and methods arrived at on tile 'FNT* ac'id mixing'p^lant'at H.M. Factory, 
Queen’s Ferry, and it is Jiopod'tliat ifie subject-matter may prove useful 
•to (•hemists‘and others who may be responsibh* for auiy jKlrt of {he work * 
in t'.onneclion wiflt ac icl mi'xing. 'r#he subjec t lias beeA treated^ 
'considerable detail, the 'object throughout' being to render the actual 
practice ^of he id mixing as explicit as ])Ossiblc. 

The position of the TNT Acid Mixing Plant in Ae Acids Cycle.— Hie work 
of the TNT acid mixing plant must first of all be c'onsidered in relation 
to the TNT acids cycle, a s{)e(‘imen of which is ropiodiu ed in FigVii. . 
The func'tioii of the n/ixing plant in the acids c irculation is tw,g(old, 
viz. : — ♦ • 

(a) 'To# keep thp iritration plant si^pplied with mixed acfJs'of 
deiir^ite comj)os{tioTi’. • * • 

(h) To utilise the av.'fila|)Ie ac'ids in the most econoniical way. 
Fyoni the acijl c'yclc* it*is (dear 1ha\ the following acids are available for 

mixing puri)oses 

• • 

(a) Sulphuric AcAis. ' * 

(i) Olcun/from (irillo plant (105 per c'ent. H,S()4). 

\ 2 )^ Sulphuric acid from Cirillo plant (98*6 per c'cait. H.SO4). 

• (3) Sulphuric acid from Gail lard concentrators (90 j)er cent. H.,S04). 
(4) TNT sj*ent acid (91 per cent. H^SO,). 

Sp(‘nt acid is#not shown on the llow-shc'ct as being available for 
mixifig, but a spent ^Vdd lino 'to the mixers (‘xists, and spent acid is 

available for do,nijig when absolutely jiecessary. 

» 

(b) Nitric Acids. 

(1) Retort strong nitric' ac id of 86 per c ent. HJSJOj avtrage strength. 

This is compcjsed of two separate acids, viz,, the bulk of nitric ac'id of 
88p(?r cent. strength collected from the retorts, and a much smaller 
(juanlily c'onsisting oh 50-55 j)er c'cnt. nitric ac id from the abs(,'rptiori 
towers. , * . ' . ♦ 

(2) Denitrator weak nitric acid of 50 [)cr c'cnl. avci"fVgei strength. 

' ' • . 

^llie significance of fhe Acjds Balance to the Sfiimg^ Plant— The acids 
balance represents for the mixing plant an ideal to wliichjf is expected 
to approximate a^ closely as possible. It is founded, of course, on past * 



.M. Factory* QueeK’s IfEBgv 

ACK^ BALANCE for IQO tONS^TflT. 
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»’ ') 

practice anfl Will in genet al .bold for future working’. ,.jThe person in 
control of the?^ acid mixing will find variations absolutely necessary 
from*tim§ to time, however, and these., willi'be due chiefly^ to-j- ’ 

; (a) Improvements or changes in the effic'ihnry of plant working, 

particularly as regards the. \iitric?at'id plants. ’ ^ ^ ’ 

(6) Vilriations tliroUgh one cause or cuSollipri in t^ie amount b/ 
water taken 'iif' at theWtoT^ts or denitrators, as shown in the strengths 
of the nkric acni pj;odm5ed. . , 

(c) . Acciden^iS in"\iirxing; a siuWen ifu\(»ase in tlu' drtuti()p of 

blend through water from 'a leak’^ig coil finteriiig the, npxed acid 
undetected. ' > ' ’ * 

(d) ^Accidental occurrcnc'es al otlie? plants iijvc>lv(‘d‘^in the acids 
cycle. For iftstancic, .during the temporary end ^inavt>id?iL)le^closin‘^ 
down of tlfe denitration [ilant for a day •or two, tVfe storage room for 
spent acids mav become cowi])letely filled up, and to k(;('])*the atad cycle • 
working it would then bo nec'essary to mix spent acid with i)lt'um*as a 
tempor^iry exiiediejit. Yl'his would natiirall/ int'rease tht* aihount of, 
water in the cycle, which must later b(‘ reimwed by raising tlie (^)nc'en- 
tratlon figure at the Gaillard c(Micentrators.^ 

Classes of Acids to be used. — It is necessary, at the oulstl fiir the 
mixing plant to distinguish betwV^Mi three distinct classes of acid^, 
viz. : — . • ^ 

(r.) Acids which must be mixed off immediately, - To this class bfjlong' 
all varieties of nitrid add. Whatever t 1 eir ^trengtli may be, Ihew must 
be introcfuced into the ac-ids ( inailutioh. The- sole exceptions liaye 
been in ■‘•the lew isolated cases when absorlier (.n* denitratoi' nitric' a('id 
lias been run off at a s[)ecifK‘ griivity bel(»w i'30^; the d’fficulty of 
conijiepsating for tlds cxcciSJ^ of water, and the danger to the mixer 
cooling coil’s whic'h is involved, have ])r('(luded the us>.^ of sii<"h acid. 
Such cases, liowever, are very exceptional. " 

4b) Acids to be used only under exceptional circunisUinces.i-Thest\ 

include — ' . w * 

(i) Spent acid,* the use oi which must always interfere witli the- 
acids balanc'e. Before procecxliiig any further^ the actual effec't of tliis 
will be considered. * . ^ . 

Spent acid of 71 per c'cnt. would, after denitration and (onc'enlrktion 
*in the ordinary course of events, be issued kom the Ga* Hards at about 
91 per cent. If the effect of using 1 ton of spent ac id lie (oiisidered, 
this contains-^ ^ 

IFSO, ------ 0'7T ton 

HX) - - o-2() „ 


I • 00 


The aniount of H.2O in union*with 0*71 ton of H,s6, iro 91 per 


c6nt. acid is — 


0-71 *x'g ,4 

' - — 0*07 ton. 

91 ' 


I ^ 


• These remarks do not, of cyur.'^, apply to processes in wliich the use of revivified 
spent acid forms part of the original nitration scheme. 
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» ' I 

Excess pf ' water in the systerq dnc^tcf the use of 'i ton of spent 
acid “■= O ' 22 ton., ' ^ * / « 

Oh thr basis of a j)ro(iuctio’ni of 66 ^, tons of TNI' per^;wTek, the 
Gail lard towers (;x)nccntrate about 2,900 tons of ' 91 per cent, acid per 
week. ' ' ‘ ' . J 

Now, raivng ‘tKe col 1 rent rat ion figure at ' thc^Gaillard'towefs by 
O' I percent, is ecpiivalenl to dTlving out 2 ^ 9 'tons of Wptcr, and from 
the above it is se(Mi Hiat VjC use of t6ii of sperpt ^\cid necessitates the 
removal of O' 22 tons of extra water at the (iaillard towers., ' ♦ 

The aiiiouui of spent acid o^uivalent to an extra concen'cratipii 
* * '2*1/ 

of O' I per ca.d. at the (iaillard. ttivverr. for one wcck' = ^ 13 tons, 

;and this, figure mirst be noted in order to piescrve a correct acid 
balance. . / 

.(2). Weak nitric acid ‘from the denitrators and alivorbers for TNT 
mixed arid. 

‘ From the abstract jioint of view of the ^acids rych^ it dt-es not 
make any diffenmee whether the weak nitric' arid is mixed oil as MNd' 
or TNT mixed ac'id. It is manih'Stly imiiossiblt',, liowev('r, t,(; iMtrcxlure 
any large quantity of Aveak nitric ac id into a TNd' niixc'd acid, of as 
low a dilution as 2'7'p('r rent. For this reas'.)n, it is not i)OSsiiVi(‘ to 
stop or materially to rr()ucc the rale (-f hiakiiig iMN T mix(xl acid at 
*any time unless adcAjiritc* storage accommodation for weak nitric acid 
is jHOvided. , 

The objections to using' a limited amount of weak nitric acid 
(5b per t'ent.j'for TN'l'mixcTl ac'id’arc llu' large amount or.oleum wliicli 
would bu^required to takt^ up the waj(‘i (tliis would disturb llie bala'nce 
of oleum, and qtipb per cent, suljihuric acid at th(.‘ (irilh) jilant) and the 
much heavier bvirdcm wliic'h would be iliiowu on tlu' cooling cajiacity 
of the mixing plant. 

(c)i Aci(h lo be lined ns myu/mf. — 'I'his (dass iiicliuFs IIk* v.arieli(’S 
nf Mjlpluiri(' arid, yi/.., oleum, ()8'6 pin cent. sul|)l\urii' acid from llie 
Xilillo jdant, an\l com'eiilraled at'id from llic (Iaillard towfns. 

The standard sniphnric rund in use is the (irilloqS'O per cent, acid, 
Gaill'ird lowcn’ ai'^d be.hig us(‘(l lo dilute the (drillo arid wluni a weaker 
acid is needed, and oleum being used when llu' reven'se i^ tlu’ case. 

MNT niixe^ rc(]uire a slighlly w(‘aker class of at'id tlian 98 ' 6 per 
cent., and tli(' acids utilised should then'fore ('oiislst clfudly of Grillo 
and (-iaillard sulphuri(’ ai'ids. The utilisatiofi of oleum and weak 
siilp]iuri(' acid in the saint^ blend is generally a ebnh^ssion of lailup' or 
accident in mixing. 

TNT mixes require an a('id of greater slnnigtli than gS'f) per cent., 
and in this case a mixture c.f oleum and Grillo 98*0 ]xn* ccru:- ^u'id is 
^^sed. Weqk sulidiurie arid from th(‘ ( iaillard towerr sjiould not be 
used as a rule, except in small quantities for doping purposes. 

^ Oleum mil Grillo 98 6 per cent. Sulphuric Acid, in p]^tioe.--The 

statement in tla^ last paiagraj)!! requires a, slight niodiiication. 
Acc(vding to the ’a(;ids balance, oleum and Grillo 98' 6 per cenk acid 
are forthcoming in tlie exact quantities, required for mixing purposes. 
In practice, however, it is most satisfactory to produce the' oleum 
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slightly in eacess, whilst ksepiijg the 'total SO, produced at the Grillo 
pl^t true to the requirements Of the .cyclo. H his exl*.ess of oleum 
accumulates anc) must be worHxl olT period! /tilly. Tliis is accomplished 
deliberately mixing off oleum with Claillard weak acid, in connection 
With either (a) the mixing cif thc.TI^T mixed acid, or (6) feed a/id for 
the nitric acid retorts, olcdrh being used iiv.K'ad ,of 98*6 [ler cent' 
sulphOric acid t» s1j-epgt.lien.rthe Gaillard peak sulpiuiric a’cid. 

mmmm ' » * 

The Mijed Acids. rfAs^*;il ready pointed out jy Section i, these Tire as " 
follows^ 4 ' ^ , 


, 1 

^ » T\T mixed ;i( id. MN'I^nuxod acid. 

H3S04 - *11 - 

HNO-i 

HgO - - - - 

• 

, , IVr cent. 

- 79 ' 5 ± 0-3 

1 7 • 8 -1 03 
- - ' 2-7 £ 0 ^ 

. ' IVt cohl. 

62 ■(> 1 o' j; 

' 2 r 0 -f 0 ' 3 . 

i 7 ‘ 9£^*>'3 

* «i • 

• 

TiV 7 ' Mixed Ac^L 


"I'NT mixed acid in the jiast has been irii)^ed to the following 
analyses * , 

iJl 

* Iksci. ■ ^ 

i 

' * 

* UNO, 

i • 

■ lIjO 

PfT cent. ' 

' (0 7«'4 

{2) 7«-5 ’ 

(3I 79 5 * 1 

’ ! 

rcT cent. ■ 

I 7 ‘<> • 

f ;^'25 

17-8 •; 

Prrycent. 

4'^ ^ 

4 23 
^‘7 

$ 


The first of these rejiresented, during a temporary shortage or olcam, 
a mixt^d acid of the highest dilution {lermissibJc. Tlie ( liief dangeT in 
mixing this arid was in the dilution, which, with tlif‘ o*3^1imit allowed^, 
was on occasion as high as 4*9 per cent. This figure is too liigh for 
either rapid or coiiqilete nitration, to secure vvfkicl- it #is essential that 

H vSO . * . ' * 

the ratio —p^c* nitration should be greater than 


This ratio decreases very raiiidly with increase in the dilution of 

9 . > . . 

the fj^esh mixeef acid. ‘•It is lowest for the greatest dilution, viz., with a 
mixed acid containing 

781 : 17*0 : 4*9. 

Assumyri^T^hat of the 17 ’O per cent, of HNO, 13 o per cent, is utilised 
and the remain J?er is reduced to nitrous acid, tluii 13*0 HNO3 is ; 

replaced by X 13*^ —' 3*7 of H2O. ’ 

.’.Total H2O at eyd of nitration- (4‘9 + 3*’7)-- 8‘6. Ignoring 

* * " H SO ^ ^ 

the nitrous Acid, the ratio at the end point of ’^nitration is tJfiere- 
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fore = ^--5 which is too low,‘' ' dnci trouble was frequently 

8 ■ 0 9 ' ' V ' . ' 

experiencid in obtaining Tthe .required" setting point* of tjje ni,trated 
product. ' ' 

■ The next composition suggested for th.; mixed acid wa^ ; — 


H^SO^ 

HNO, 


Pen-cent. 

»T 78 ’ 5 *^io’ 5 . 


H ,0 - 


- ±0-25, 

4-25-i:0-25> ^ 

and the extreme case for 'ihis acid was an analysis showing HjS04 
yS’o per ce'iit., HNO, I7‘5 pei cent., Iip 4‘5 per cent. Assuming I3’5 

^ of the'HNOj to bf'uliliscd, this would be replaced by •:< 13*5 =; 3*9 


of'H20. The ratio jI'q" the end iioint of the reaction is tlierefore 

_ 78 0 _ 83 6 jg gtm too'low. 

4-5 + 3'9 8-4 9 

The last composition used, viz., 79'. S : I7‘8 : 2 *7, has as its limiting 
case 79'2 ; 17’8 : 3'c, and the ratio II,S04 at the end point -of the 

. K.O ‘ 


reaction is 


79 - 2 

3*0 + 4-0 


79*2 _ I0I-8 *' ^ 
•() ~ 9 ’o 


,, The adopliov of lliis riiixrd at'id lias rondercd possible a very 
rapid attai?iuicnt of llu^ desired selling-point of I'NI’, vvitlf inc reased 
steadings in vvorkinj^, as well as ciiiiinution of IINO^ losscjs tliiough 
reduction of HNO^lo HNO, during the nitration process. That wliicdi is 
apjiarently btV. a slight change in dilution, z.c., from 4-6 jicr cent, to 
2*7 pe'f cent., has had the following results as regards the ac id mixing 
plant : — 

(a) The* .fleveiopmcnt of much more hc-al during the mixing 

process, on acc ount of the nec^essity for using oleum as one 
of the sulphuric acids rc'cjuircd. 

(b) In case's w'hVrc dojiihg with oleaim is rendered necessary on 

ac'xiount of too high a dilution, as shown bv the first analyses, 
the oleum do])e nc’C'essary to c onijicnsate for the water is 
increased in amount by 25 per cent. 

This is evident from the following line of reasoning. The amcuint 
of oleum rec]i:i red for doping to reduce dilution is diiT.c tly proportional 
to the excess in dilution, and roughly inversely projiortional to the 
difference in dilution between the oleum (considered as bavisg a nega- 
tive dilution) and t!ie mixed acid rec]uired. When the required dilution 
is 4’, 6, the oleum dope (with (jleum of lo5;o per cent. H2SO4, i.e., 
containing 85*7 per cent, of SOj)f(.)r a given error in dilution is propor- 
tional to 
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ftatio ^ ^ 


When the’ dilution requkiscl is 2*7, however, the oleum dope is 
proportional to-^* * • • • * 

5*0 -f 2‘7 7 ’7* * 

In the ^cond case, tl\ie of #he necessarjv^dope is increased in tliQ 
Cf * ^ ^ 

^.7 *==^1 'Xii ifiC]^e*ist?of 25 per ctnk. 

A furUie^i redwclioii *in the specified diluu(>w of TNT minced acid ^ 
woyldnlean a still greater ole\im dop^. for an tK|ual error Qn the nigh 
side in*(Jiluti( 5 h. 

MNT Mixed Acid, 

This* has been made at. various ti*mes to ^‘onform to tlic following 
limits : — 



lIjSO, 

i 

UNO,. ; 

n,o. 


• 

r 

• 1 


• 

Per cent. 

Per cent. 

Per cent. 


62 "o 

i 

21*0 

170 

. (2A 

6f) ' 5 

1 

iT *5 i 

22 ’ 0 

(. 5 ) 

f 

f >4 ' < ) 

1 

16 0 

1 

20 ^ 


■ “ ■■ ■ ' 

The first of lliesc lias now been rever 4 ed to, Jhc sex'oiid and tliird 
being aiiaiysceiof MNT mixed acids iimd(‘ by revivifyilig TNT.undilutert* 
spent acid.'-'-' The main objec tions t^) the last two were — ^ 

(i) .The impossibility of revivifying a sulB^it?ntly l*irge amount of 
spent acid, and at the same time using uii.»the necessary 
amount of weak nitri(' acid rccovercd.at the dcnitrat»rs. 

(ij) The danger through corrosion to the mixing and bhjruling 
plants of overste])ping the dilution diiyng th^^ procesfr^of • 
mixing. Some (orrosion c’ertainly did take place whenevc^r 
the dilution reac hed 22 per cent., aad the wear and tear on 
the co(.)ling coils was much increased. ^ • • • 

^ The inij)ortant point in determining a suitable composition for 
, MNT mixed acid is the dilution of the spenl*acicl at the c'ompletion of 
•the nitration jirocx'ss. The* latter should yield a,sp(mt ac'id suitable for 
denitration. TPhis should be as near as is safe', to 70 pcT c^ent., say 
71 pHir cent., in order to avoid the waste of steam which would be 
required to dilute to the 70 per cent, strength which is nec'essary for 
denitratien to take place. 

* T^ing the ^analvsis bTSO,^ 62'opei cent., HNO^ 21*0 per ceiit.,^ 
HgO 17*0 per*ceiit., and assuming thj^t all tlie HNO^ is utilfeed ^n the* 

* * Th<^ quantity of ^likitiim water added at thc^ various stages of*the trinitfation 
process was fdf a.time djiniiiislied in order to j)roduce a spynl acid of higher 

* content^ whicl) might be r^vivificMl for usc’ as a mixed acid ft)i nut^nonitration 
stage. This Jlrocedure, although th(' ('iist(im in several other faf'toric's, was aftei^ards 
abandonee! at Queen’s Ferry. (See; N(f. 2 of this Series.) 
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nitration proc-^ss, then 2i^'0 of HN03vis f^ertVlaced by X 2i*o = 6*0 of 


ILO, and the ratio 




- =r yielding a spent acid 
17*0 “(-6-0 23-0 ' ® 


( ontaining 73 per ('ent. o^ H2SO4, wlHch fef)resents the limit of safety 
for storage in steel tanks and delivery liroagh ,wr»Ji)ught-irori pipe 
lines. 


The Calculation of Mixes. 


The place of a Sulphuric Acid Dopfe in mixing. —The dimeuky of olitcrin- 
ing a blend of correct analysis wilTumt doping, when -working with 
a('ids the ( omy)osil‘on of which is not known tc^ within 0*1 or o*2 per 
cent., Js 'indicated by tlic' foil )wing facts : — ' 

(a) The limit of 4 : 3 cent, allowed in the composition of the 

"mixed a('i(l dcmiaiuls aicurac'v in running in charges of 
snl])iniric acad t<^ wilinn i iiK'li. 

(b) The strength of irudi variety of sulphurii' acid used must be 

known to within 0*4 per (‘(‘ill., assuming no errar during 
the running in of llu‘ a(‘id. 

(c) 'riic strengtli of the nitric 'acid must b(‘ known to within 1*5 

jicr c(mt. ^ 

' ' [d) The lutric nnd run in for evoiy ('hargo must be co’Tect to 

4 iiF'h. 1 

With a mixing ])lant working slowly, w’ith pit'ked workers and 
ftior(mgh TUralysis of the a(‘ids ns('d, it would be a comparatTvely ^lasy 
matter t^'.mix c'orrectly the lirst tiipe, but w'h(‘n a jilant is w'orking to 
its utmost capacity it is.not jiossible to secure the necessary a(‘cuva('y, 
partic’Lilarly ii.4h(M'ase of the nitric acid, wdiicli is nu'asun-xl in tlu' l(‘.ad 
reccivi^rs at the ndort , houses. J'Tii thcrmori^, ca(‘li acid analysis will 
represent a large bulk of acid not always or luxpssarily of uniform 
strv.'iigth. 

Assuming, then, tliat a dope will usually be nc'c'c^ssary, it jiays to 
choose tlie do[)e which is simpk'st 01 qui(’kcst in llie making, and, if 
possiiblc, the one'whicji is least liabh! to error. A sulphuric acid dope 
fulfils these conditions. It avoids the lux'essity of making a mix 
containing nitiic a('i('i, and both strength and cinaiitities are moie 
readily determined in the case of suitihuric acid than in the cas(^ of 
nitri(‘ acid. 

In conclusion, it is clear that the errors^ mentioiK'd above as 
])crmissible in a mix can be multiplied by ‘‘ n ” in a dc 3 pc, where — 

blend 

n~ 

, dojic 

so that (wcii if it ^vere iiossible to mix corredly for the fisst analysis, there 
is ail advantag(‘ in doping, in that the limits allowed for deviation can 
thereby be narrowed. ^ 

.\s regards Oueeii’s I^'erry practice, more correct results have been 
obtained by means of a dope?, consisting entirely of sulphur'c acid and 
Dleuin than with one made up of sulphuric: and nitric acids. 
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TNT nixed Add— The, XW acicf Aixihg plant at H.M. Factory, 
Queen’s Ferry, comprises seven pfelimin^v^y lank^ or ^'mixers,'' 

10 feet diametA' X 5 f^^t deof>, and four bfendini:^ 'tafiks or 'Udendefs,'' 
20 feet di%,ineter X i€ feet* 'These arc* dt^st ribtxi * in/ detail in 

J^ction 3. 


T^NT ftiixed arid is iiiixed by the blend* ?ach*,blPnd|COusisling ot 
18 feet 9 ^inches and as nieasdrrd J)y “ di])” in the bl(;nder.^ 

This, togctjien* with ,tjie ‘^4-ipt.he? irniaming^^^i th(i blendtT aft?l- eacl' 
pumpiIl3,^gi^ies a»total dip of 9 feet. 

• Jt^ slated a!#ove, l)lends are ( A^ndaUid •?(> ?is to reefuife onl\* a 
SLilphurie ac'id.dope, ill order, to Laing tlie mixed acid try^tlu' jdesired 
com])OsiMon, the UNO, eoulent is ('al(‘iiT'Oed\>n tlie^liigh side. ^ 

T'\)r%a final a^ialysis of iTSO., 79 ‘ 5 ^ HNO. 47*8, ^*7, it is cLtstoiiiary * 

t8 calculate, a bh’iid of^ preliminary analysis, about 78*3: ig o: 2*7, 
which can be d<^ped with 97*3 ^‘<^‘Pt. sul[>hLiii(* ac id (/.c.,»of S’ 7 *per 

(’cnt. dilution). 

tn¥ mixed ac'id is iifade up entirely from retort strong nitri(* acid, 
oleuni, an^l qS'O per ('(mt. sul[)huri(' ac id. ].)nring llie early period of the 
factorT’s woTking, the fc'torts prodrued j^ractically thri'tt strengths of 
acid,»\2iz, : — 

Strong nitri(' a('id fr<Vn> the rOorts oF apiirox imately 92 per 
^ ('(‘lit. streiigtli, t * 

(6) Weak nitri('»acid from tlie r U>rtst ol about 70 per ('ent. 

StlT'Ugtll. ^ * 

(c) \^^^ak,nilric a('id from the absoriilion towtTs of apj)i*oximateiy 

* O5 per ( cnt. strength. 

At lliat time', ho\V('vei, the recoveay of nitric' ac id af die denitrators 
was low, and the 70 j»er ('(‘ill. nitric' acid from the n/Lorts c'ould Ije 
utilisi'd readily along with the nitiic' ac'id ficjlii th(‘ retort abY>rhers 
and t!*e denitrators for making MNT mixed ac id, lait, as the rerowry 
at the denitrators rapidly approachc'd its maximum, •it w^isniol posj^l^e 
to dc‘a] watli ni(.»rc‘ \V(‘ak nitric' ru’id in th(‘ .MNT mixed ac’id than was 


liroduc'cd at th{‘ dcMiitratois and retort absoibcVs. Foji' this reascju, and 
also for (.onvenieiK'e in othc'r (iii(\'tions,*all I lie ai’id froin the reforts 


was run together int(» the lead rc^cciveis, giving iin avc'r^ge strength of 
^a 1 )out 88 j)C‘r ('ent. At the same time', the maNiiiium permissible 
•stremgth of the absorber a('id was reduec'd to per cent., as in the 
case (.)f the dei?itralor jiiitrie a('id, in order to inc rease the nitric' c'lcid 
reco^ry at the retorts. Since these alterations, therefore!, the TNI 
mixed ’acid has been made up of this 88 jier c'ent. strong nitric' ac'id, 
()8*() pef^jl^it. sulphuric' acid, and oleum, ilie ntethod of calc ulating 
* niAes te to detertiiine - 


(a) The sfrength /)f the suljihuric acid whic h •must be wixed 
with thc^ strong nit ric acid available to \ielcl TNT ndxcd 
^ ✓acid of thc’rcctuirecf compusili^m. , * 

ib) The requisite' amounts of oleum and 98*6 pcir oent.* siilptj^iric 
• acid to give sulpiniric acid of. this strenf^th. 
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Tlie actual calj,:ulation, then, is as folloWjS jf— 

Each blend has a di)», of -8 feet 9 inches in the blender, whiclv.is 
equivalent to 140 ’4 tons of \rNT mixed acid. ' 

ii^o‘4 .toris of acid of composition HjSO^ 78'3 per ednt., HNQs 
ig d per cent., and HjO 2*7 pcr''cent.^.'tequife : — 

«•' ,, X b' 783 = 109*93 ton's ( 3 f HiS04. '■ 

140-4 X o*X9G = 26-67 tons'of HNOj’. “ ' 

Amount of slr6ng ndric acid (88 per cerii.) required tp' give the 
necessary, HNOjContent — —30*31 tons. 

' .1 OO' „ af '■ 

Wtfighf^of sulphuric acid to be mixed with the < strong nitric 
acid = I40''4 -- 30:31 — 110-09 tons, and the strei\gth of the iulphuriq 

acid which must be used for this ‘purpose wifi therefore be — 

« 1x0*09 

=r 99-86 per cent. 

Per cent. Pe- cent. 

Assuming oleum avaiinble at - io5*oo| Difference — 5*14 

Required— sulphuric acid at - - 99‘86| •> 

Assuming sulijhunic acid available at 98*60} >< ~~ 

I “ ' ” 

Total diflerenre = 6*40 


Amount of oleum inquired — ^ 21*68 tons, and 

Ine amount el 98*6 per cent, sulphuric acid required = 110*09 — 21*68 
= 88*41 xv* on s. 

I ’ 

In order to increase the mixinf^ capac ity of the plant and to 
decrc^ase the diVity of the pn^limiiiary mixcTS, a portion of thc^. Cirillo 
98*6 pei cent, sulphuric acid is run direct into the blenders. For each 
blend) five mixes are made in the preliminary mixers, each as 
fohdws : — . 

(1) A mi in mil in charge of Ckillo 98*6 per cent, sulphuric acid is 

first run in, 34-^ inches, this being tlie level of the toj) of 
the mixivi'^f cylinder, sec page 66. Under no circumstances 
wfiatever is nitric acid added to a sulphuric acid charge of 
less than 34^ inches. 

(2) One-fifth of the required charge of strong nitric acid is added 

I0 the sulphuric acid charge. 

(3) After Ihe contents of the mixer have been properly mixediind 

cooled, a portion is pum|)ed .avv^ay in two operations 
sufficient to allow room for the addition of one-fifth of the 
oleum required for the blend. • . 

Xhiis,'‘as 34i inches of Cirillo 98*6 per cent. sulphuVicticid represent 
II* >7 tons, egi'h mix consists of : - ' « 

11*17 Grillo, 98*6 per cciit. sulphuric ‘acid. 

6*06 fv)nS of 88 per cent, nitric acid, ‘ 

4*34 tons of oleum. 
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The oleEm and strong i?itric acia'’are '.thus wholly accounted for, 
but* of the Grillo 98 *6 per cent.’sulphprjc sicid the aihount in the 
mixes is 11*17 5 = 55*85 ♦<3ns. The anVoVinl Id iJte added to the 

blunder, thferefore, is 88*41’— 55» 85 =32*56 tbHs, or 2 fefet bj- inches 
by dip ill the blender. This* is addend hisiy wheib the'hve mixes Wiave 
been pump^ed over to the blende?, 98*6 per rent, s^^pl^uri(' acid bcin^' 
Fun direct into >tlni blejideiHio bring the, total dipVip to K) feet. The ’ 
rise in temperatiftre in the. blenden dvie to tli>§ addition is about^^ C)., 
which is meonsidgrabie. * * . ♦ X ^ * 

The* distinctive features of this mejtliod of inixing are : — 

\a) Thfr»high content orthe pif^liifiinary blend, * 

(b) The ' addition of the GVillo (^*6 per cent, subihiiri^' acid 
direct to the blender. > » 

' (c) The addition of oleum ,to the preliifiinarv mix of per 

' cen^ sulphuric acid and strong nitHc^acid. 

The alternatives to the last-mentioned jiroccdure are eilhe.^ to make 
a preliminary mix of 98-% per rent, sulpliuric acid and oleuni, t() which 
the strong nitric acid is added, or to make si^^^cial mixes of oleum and 
stron-g^nitric ac'id. 1 he objecti<^)n to a pndiminary mix of oleum and 
^8*6' per cent, sulphuric acid is tliat considerable local heat would 
develop at the surfac'e of 'Contact of Vhe two a('ids: This would persist 
until +Jie mixing level of 34*^ Miches was attained, and would cause' 
considerable damage to tlie, ‘lead coc^iling c:oils. » The objections as-, 
regards making mixes of oleum and strong nbric^acid arc : — . * 

(t) The c'orrosive elTect of hot oleum on the lead cooling ('oils. 

^(2) 'Hie difficulty of keeping the temperature low w'jioii a large? 
bulk of oleum is dilubni^ as it would be if any stiyuig nitric 
were added directly. . • ^ 

It IS a muc'h simpler matter to c'ontrol the temperp»liire when the 
oleum is added gradually to tlie otherwise completed mix. 


Correction of the Mix for Dilution Errors. 

# • 

'riic calculated ciuaiitities only hold provided the i^trengths of the 
acids remain as postulated. In practice^ it is'* sujficr^nt to niodifv the 
mixes acx'ording to the varying dilulion of successive blends. *The 
dilution may dc^ one cT two things : — * • 

(1) It may vary round about 2*7 |)er c'erit., in whic h ( ase, provided 

the..^ variation is not abnormal, thc^'* jiroblem of doping is 
(]uite simple. 

(2) It may remain fairly steady at a dilution above or below 2 ‘7 

])er c'ent. A simple c:alc:ulation gives a quic:k nietiicxi of 
dealijng with such cases. All ithat has to be done is to 
replace a ('ertain amount of oleum in the mixes with 98'6* 
per cent, sulphuric' acid, ct vice versa. ' \ 

Thys, O’ I per ('en,t. in the dilution of a blend of 0:40 *4 tcfhs is 
equivalent to .140 ’'4 x 0*001 tem of water'" o*i<|04 ton. " 

Difference in strength of oleiini^and (iiillo sulplrtirh'. a(*'id isi05‘o 
— 98’6 = tr4 per ('(‘lit. 
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Now, the extra water introduced by replacing l ton ,pf oleum by 
I ton of Grillf) siilpliuric arid is 0*064 0 *i per cent, in dilution 

is equivalent to, o* 1464 t?>ai> Vi/J. / 

/. A'dilution erroj^* of o*i per cent, is counte^aated by tlie addition 

or subtraction oi ^ = 2 *2* tons pi ol(;^iftii. 

; 0*0640, , r . , ^ 

' ' For cVery o-i per cent, .of dilution in e‘xees,s of 2*7 per* cent., an 
additional 2*2 tons of olynm mustd>: added +0' subsecjuent'hj.cnds, and 
for every 0*1 per * couti 'pf dilution befotv 2 7 *per , cent. •ea^:li blend 
requires 2*2 tons less of oleum. / . ' * , 

The' necessary C(*)mpuis;«t ion to be made in the hmount of^Gfillo, 
sulphqric a^-jid is made when .the latter is* added to the mixes in the 
blender when tlie final dip is being made up 10,9 fcet. ' 

BDrt! Mixed AWd. — The preparation of MNd' mixed acid is governed 
by the following fa('ts : — ’ ♦ 

(1) MNT and TNT mixed acids must res))ec*tivcly be produced in 

tlie proportions rniuircd for the twb stages of the nitration 
process, vi/., iif^mo- and triiiitration. 

(2) The whole of the weak nitric ac id (50. per cent.) .prDduryd at 

the dcnitrqtors and ndort absorption towers must be. jne or- 
porated at onc.e in MNl mixed a('wl {see page 35). 

It is important to avoid the opposite dangers of over- and -^imder- 
productiofj. Qf thc.sq the first is the greak‘r and the more difficult to 
control if production gets,, out of liand. It has proved most desirable 
in routine practice to underqiroduce MNT mixed acid. 

• At the rJilant 'elficiencies oblaioing at the l)egiiinin,g of. the year 
1917, for every 100 tons of TNT produced, 31*1 tons of HNO^ are 
required lor the necessary MNT mixed acki Of this amount, 18*9 tuns 
of HNC)^ are i;eceived from the deiiitiators and 3*3 tons of HN(.)^ from 
the ab^orlicrs ^at the retort house, leaving 8*9 tons of UNO, to be 
provided out of the retort production of stnmg nitric acid (88 per cent). 

.^Sulphuric acid of 97 ])er cent, strength is requinxl to mix with this 
nitric at id id order to yield MNT mixed ac id of the requin^d specification. 
By making the standard MNT mixes with the Grillo 98* 6 per ('ent. 
sulphuric acid, less stvong nitric acid is used than is actually required, 
aiurthe MNT mixed aci(l is ilKTefore slightly under produced. This is 
compensated for liy making mixes, at intervals of a w(’ek or so, with 
concentrated sulphuric acid from the Gaillard towers of 90 per cent, or 
gi per cent. Such mixes utilise more strong nitric acid (ban is required 
by the acids balaiK^e. * 

MNT mixed acid is not made in blends, but in mixes, the number 
of mixes in each blend depending upon convenience iii ilojiing/, usually 
5-7 mixes constitute one blend. The determining factor in Wlculating 
.each mix is that the'x:harge of 34^ inches, i\e., 11*17 tons^of sulphuric 
^acid oj* eitlier 98*6 per (Tmt. or qo.per cent, is first run down into the 
rnixoT. and Ific amount of nitric ac id nec'essary to give the correct 
analysis is cak'nlatec^ and ''added. Mixes are’ calcAilated'to give an 
analysis orTI.^04,59*5, HNG, 22*5, HP 18*0, which can' afterwards be 
dopdli with a 97 peV c ent, sulphuric acid. 
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The miat with GriIlo^8’6 per suipnunc a^id works out as 
follows : — » 

Wu ent. sulphuric acid, 

1-27 toiiK of Sgrpei-f-eut.^ nitric ackl. • 

6-qf) tonf of 50,per cent.,nitiic»acid. • 

^ ‘ • 

• Total. tons. 

As'^his qflfentity exceeds tlae capaiatv* ol llu; mixer, fou^rtr hv* 
inches are. pumijed‘fiwftv (after cooling) l AVe life last to« J nitric 
d-ciQ is iriddc/ll. ^ , * •• •• 

"Thfi inw 4 '"••th Gaillard 90 [Air cenl. s<*]phuric acic? works *t)ut 

to be . • , . » 

ii‘17 tons of 90 [)er (-ent. sul])lu..i ' and. 

2‘39 » >. ^9 1. nijric acid. *, 

3; 34 ji n 50 

To^al ‘ 16-90 loiis^ 

For prat:ti('al puriK)s‘l^s, l)()th mix('s an* svl out in tabular in' 
ord^* Ihcjt adjustments maybe made for niiri(' arid from the redort** 
•absorption fowers of stten^dbh exceed in^t*-5() <‘<'nt. 

•Tlie rate of niakiii" njlxes is deVermiiK'd by flie rate', at which llie 
denitmtor and ndort absorj)ti<)i:^ towers j)roduce weak jiitrir at'id. A • 
standing rule in mixing is lliai such acid must iK'h^iixed off tris soon^ a^ 
possibll'. riiis is im,portant*for Ihe follow im/ Kfisous:— - . • 

(1) Limited storage cajiacitv h)r ^wefik nitric arid 'from the 

d(?nitrator plant. , • * • 

(2) The \ieressity for maintaining i\ suITi('i(ait i)ro[>(^rtion of the 

storage ('a]>a('ity^ for Xveak nitric ^a('id from tiTe retcjrls 
for use in the event of a strong nitric ;t'id ('ooling coil 
develo])ing a leak'. In this case' it would •fte necessary to 
run strong nitric a(‘id as ([uickly as possilde. inter thv so- 
called w^eak acid n'ceiver. # 

The necessity for making mixes with (iailhrj*d sulphuric acTcT of* 
90 per c('iU. strength, and the number of such mixes to be made aVe* 
judged by keeping a rtn'ord (similar to that g’iveu b^lowd of the make 
of INI and MNT mixed acids, * • * 


Week cndni^i^ October 13 ///, 


Hair : houis 

ondiiipf Ortober, 


8 

9 
10 
1 r # 
12 

*3 


'r^^'r iui\<.j| .H id 
pH)du,.p,f 

1’ qiiiv.dfMit 
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THEORY AND PRACTICE OF ACID MIXfNG. 

The equivalent amount mixed acid i'i equal to 

A mount of TNT mixed aCid 'pfoduced X i* 47 . where i ton of T^T 
' •< ’ 4 ’’'^ ' •' 

requiiVis 4‘78 tons of TNT mixed acid and i’47 tons of MNT mixed 
acid. . . ' ' 

* V i* * 

Jhesc records are kept,, in* {graphical fomi as sho>Vn^n Fi^. I2. 

Whenever tlie \otiuLge of MNT mixed acid' Talk s^jiously below the 
aniobnt req^uired to keep i)ace wi^h the production of TNI mixed acid, 
the mix with Gaillard sidphiiric' a( 4 d is resorted to urrlil ^he deficiency 
has been made good. . • ^ 

' f 

• Advantages of iDie procedure adopted. — It will be seen that for both 
Tl^T and MNT mixed acids a standard ciiarge of 34^ inches 6f Grillo 
g8*6 perc ent, siilpilmric acid is added. As a general rule, unless 
instructions are given to the contrary, no mij^er is ever left empty, and 
persons in charge of the i)Vant are given instructions to run down 34J 
inches of Grillo sulpliuric acid as a matter of routine as spon a^iwery 
mix has been pumped away. The advantages of this procedure. are as 
follows : — * 

(а) T|,ic charge^('ai: be used eithef for a TNT or an MNT fhix; as 

occasion de nands. ‘ *' »' 

» 

(б) As routine prescribes (,hc same suli)liuric acid charge in all cases 

(except under explicit and somewliat exceptional instructions 
to tlic contrary), tlicre is less liability to error tlirougll the 
addition of, nitric acid t'o the wrong suli)buric acid charge 
for^iny mix. 

. (c)/Awkwatd situations are avoided which might otherwise arise 
" through nitric acid, oleum, or water from a leaking coil 
escaping into a mixer and causing trouble on account of the 
acid contained therein being below the mixing level. If 
anything docs leak into the mixer it is at once mixed into 
the Ijulk of the acid. 

(d) By allowing the cliarge of sulphuric acid to stand for a while 
before nitric acid is run in, leakages from valves or coils can 
readily be d'ctcc-ted by a rise in either the temperature or the 
acid level. ' 


The Qalculation of Dopes. 

P ftwriWi. Dope^ — If a blend is found on analysis to he incorrect, four 
kindg'of dope are theoretically possible for its aidjustmcnt ; — 

« (a) A nitric acid dope, when the H^SO. content is high. ,In 'ihiscase 
*thes tonnage of the dope adjusts the HjSO, content ^of the 
blend, \Vhilst the strength of .the nitric acid used corrects 
the HNOj content and the dilution. 



•— GttAPH TO Show Comwrative Productiqws of XNT and MNT Mixed Acids. — 
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(b) A sulphuric acid when HNO3 content*is high. This is 

analogous to (a), ^hfe tonr.age ^^orr^cls th^ HNO3, whilst 
the ^rength is choji«n so as to arljftist the H^S04 content and 
• the dilution. * . • * • % ^ / 

(c) A water dope. — This, hai nevef been cifiploydd in TNT "acid 

•mixing. -The^ dope is useful, ho wK«er, ^yh«n mixing withtn 
nrfrrbw* limits* tc> increase the dilution w’hen twis is low, and 
The HN(p^ cccrert or tflightly higfv and Jhe H2SO4 is^cJ’i oT^ 
2 p«r cent.* above the specified fi^iir'ic. • / 

/ (d)** A mixed ^sulphuric av*d nitric*hcid dope,•^/hlv\\ correcis a blend in 
^ which neiil^ier the HNQ3nor the li'SO., content js sufficiently 
hi^i to allow ol* a sulphuric* ifr nitri('*acid d*ope With the 
apids available. • • 

The; two principal methods used are (b) ;¥id Ul). 


Prac^cal Methods of ^Doping - It is obviously desirable* Hint some 
scheme should be draWn up wiiereby th^ operation o[ doihng is 
suffi<;'iei)tly simplified to permit of foremen dealing with all dopes' 
•\vhicTi cann(*)t be termed exceptional. I htt first ^^tep in this direction 
resulted in the drawing up of forms*for doping, which covered the c'aSes 
of dopes (b) and (d), specimens pf which are given later. It was nt^cys*- 
sary to provide in addition, howexer, some kind ol*('hec‘k tocalculat)oi4 
in ordeV to give confidence ?ind to guard againtft error, infe^ma- 

tion was first presented in the form o\ graphs, but ex])erience showed 
that the reduction of the graplis t(,) tabular form gcive the results in^ 
cletlrer and fiiore permanent form. Tables were then constructed to 
deal with all the principal dopes, Xvhich resulted in calculations being 
reduced to a minimum, * ^ 

The tables constructed do not aim at giving^a dojie for overyjiossible 
contingency ; that would be manifestly impossible, and in any Otase the 
table?; would be too long and ( umbersome fi>r the jnirpose rexjuifeii^ It^ 
proved ])OSsil)le, however, to constriu't a series of TinijJe tables wdiich^ 
when ('ombined would deal with almc>st an infinite variety' ol incorrect 
blends. 


• Dopes for TNT Mixed Acid— (a) Sulphunc Acm-i/upc. c^.v, 

required, one to give the tonnage and txvo to give, the percentile of 
H^04 in the sulphuric- acid required. Required c-om[)osition H2b04 
79*^ per ,(-eiit.,* HN03*t7'8 per c ent., MX) 2*7 pc i c ent. 

Table 1 : Tonnage of l)ope.—\i is sufiicient to ('onsidcr iuicK'orrect 
two of*tiije constituents, say, the HNO^ and tlK*j cblution ; the H,S04 
v^ill be correct* by diffeicnc'e. Ihc HNOj cemte*^! and clilution ol a 
blend capabife ot being^doped with sulphuric ac'id ah^l^e wi>l in^enera) 
tgrms be respectively;— 

* i7-8-hw and 2*71 ^ 

n being th§ excess of tlN03 and d thc' error in dilutjoh. 


I) »• 
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The tonna^e’of the sulphuric acid dQp^ is then equal td — 

« TtH)iiaj(e of b^end x « 

• , . ' .17 - 8T^ . ■ , 

whiqhcis proportional^ to n. Xhe stajidarc} dip of a TNT mixed aciS 
bl^iid is 9 feet, equivalent, to 144*4 dons* an a table is constructed 
giving the doj^e forVac h 0*1 per cent, by wj.uch,the IjiNPj^exceeds* 17*8* 
per ce/it. In (irder to doal/.vifh cases which the dip^of the blender 
lexc'ceds or Jails short of gflX'et, tbc do[)e for T'foot (e^fuivalcnt to* 16 tons) 
fs givnn side by side with that for qjeet. ^ 

Only one main c‘alcuIViti6n is necessary in chjistructift^ the^ table, 
viz. : — » ^ ‘ ' V 

Thf' dope for an IINJJ; figure of 18*8 (/ e., whefe n i;o) 

'■ = 811 ions. . 

. ' 17-8 

IX)pe for O' I per Cent, excess HNO, — o'' 8ii tons. 

„ 0*2 „ „ „ = 1 *622 tons, and so on. 

J.)opo for I ].)er cent, excess of HNO, ])er_i foot of ^he'blejjd — 

8’ii . . 

— — — o 00 tons. 

.9 


lABl.E I. » 



t 

Tof\nage of Dope. 

i 
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« Tables 2a and 2b*: Percentage of H^SO^ in Sulphuric J[cid required 
'for Assuming as before that* the HNO3 content is 17*8 + w, and 

the di 4 utir)n 2;7 1 d, then in the case of a dilution of 2*7*^(i, fot 
example, the dilution of the d6pe must hb — * ^ 

' tn -‘7 X blend\ _ Z, • 7 _ ^ * 7 ’ 

V 7 dopp /“r ? , « /’ 
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iiye the fraction and are equi- 

ixc'ess itNQ^ • . jdo|)e _ ‘ 


siiye 

valent. 


Percentage of HjSO^ teciuircd — — ( 2 'v i2__^ 

• ,#• • 

^ Tiiis*figuse<na,y gxc^i^d foo per ccnt,^iri wliiclA case ileum VV li A L7X.- 
required *. A 

^ •• • . • 

Th^ perrcntige of H^SC), thus ^varies clircc1.]y as | , and 

plotted /)n a^rapli ag^fjnst lliis raU(J. It iS nforc’c'onvenienl, however, 

to plot if agaii>st and from tlic graph so^ohtairietl the pc^'ceiAage of 

% • ^ * • . • 

H2SO4 foi intermediate valuers of ^ may he rfiad ofl and tabulated as 

n ' • 

follows : - 


Tablk 2A; 

• » 

• • ^Percentage of 7 /*vS 0 , in Sulphuric .hid vcqujved by 


(Case wlicn diTutiop is greater tliaii 2*7 ]jcr l enl.) 
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(N.B.- -When the ratio ” is less tlian J*3, it is not jiossihle ti) dope 

* a 

wfth slilphuric acid alone. j 

If the dilution is 5*7 c?, tlie •pen entage of in llTN dope 

must then be lOO — p/7 + — ), the sacond graijh and table 

have been ( 3 rawn up on similar Jines to meet this 
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THEORY ANO PRACTICE OF ACID MIXING. 


Table 2b^ • 

Percentage of //jStp^, in Sulphuric Acid required Dope. 
• (Case when dili tion is les? t'tlan 2*7 per. cent.) , 
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n ~ excess of HNO, in bR'nd ; d ~ utroi ii) dilulimi. 


(N.B.-,-\Vhen the ratio - is less than i * i, it is not possible t6 dope 

e . ♦ ^ ' * 

with sulphuric acid alone.). 

The only excluded case is when the dilution is 2*7 per cent., t.e,, 
when it is correct, the percentage' of H2SO4 then required being 97*3 
per cent. . 

It will be s^cn that Table i gives {h.t tonnage of tlio dope, given 
the HNO3 conV’iit and dij) of the blend, and lliat Tal)leis 2a and 2b give 
the strength of sulphuric acid required, acc'ording as the dilution is 
greatenor less than 2*7 per cent. It remains necessary, tlierefore, only 

‘to Tietermine the rat'o , and, given the quantity and strength of the 

f ‘ (X 

sulphuric acid required for the dope, the calculation of the amounts of 
the s]dphuric acid^ wb^ch must be used to give a suI[)hLiric ac'id of the 
required strength is a simple matter. These amounts can be checked 
by means of siirfplc straClght line graphs. 

Assuming that sulphuric acid of the following strengths is avail- 
able : — , 

* Per cent. . 

Oleum - - - 105*0 

Grille sulphuric, acid ------ 98*^1 

Gaillard sulphuric acid - - - - ^'*0. 

TNX spend acid ^ 71*0 

three {;taplis will be required, viz., for sulphuric acid of strengths 
betw6'fen — 

• (i) 71 * 0 per cent, and ' 9 r 0 per cent. 

. (2Hl-0' „ 98-6 „ 

(3) 98'6 .. .. ,105*0 



Tonnaoe or Oleum ( 105 He 50 a) Required 
(The difference is msde up of Grilio 39'6 X Sulphuric A^d.} 


fseso^SSA 


Graph Giving TonnAge,^!^ Oleum ( 105 % H 2 SO 4 ) 


.He SfiOVEQumEO to give any weighs 


<fr Sulphuric Acid or SViEHqTH BETvfEEN 96*6 7 * ANty»D 57 » . o, 


EXAMPidE: :-Pf 7 fir 9 U 17 a 0 /%Sm^qf /Q(GX Strtn^th^- 

•Tonnage cf Oleum •5 5 tons, *• 4 , 

Tonnage of 3%*6%. • 

• - - SultihtA^iti Aoid • 17 a ~6t6 •/1'2^'ton^t. 
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Toiaw Weight or Sulphuric Acid ReQUiRr.o 
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Consiiferation of the ia§t of these fvill indicate the general method 
ot procedure adopted. * , ' 

. \ j’^’Per cehl.’ 

Strength of ‘oleum - « - - - 1^05 ’o 

„ „ sulphuric acid requited - diffefeuce 




Qrillo storphurfc acid 


*98 "6, , } = d per ceDt. 


cent. =1 


**#f I* " * 

Tqtal^ difference' betwelin lire ])erceAlages of H2SQ|fin the plcuiji 
ind in th^ Grillo sulphv^ic'^cid ^ 6*4 per reji^. $ ' ^ . 

•Amount of oleum in %u tons^'«>f sulphiyic ai id at (9i8*6 

t.e., tl#e tonnage of filcuin is direc'tly profMytional both 

•to the total tonnago of the mixed sulphuric ajid reiiuircd f*or tlie dope* 
ancl to the d^ifference d between the strengftli of'that*%ulphuric*acid and 
the strength of the Grille suljihuric at id. * 

It is found convenient to draw up a series kjl :>Litti^iiL ^Jing: 
for strengths of sulphufic acid varying in 0*5 per cent, steps fror 
g8’6 per cent, up to 105 per cent. The most^uitablo point to determin 
on eticl\ finn is found by taking a total Vinnage of a suitable multipl 
of tfio differenc'e in H2SO4 content between oleuiii and Grille sulphuri 
acid, viz., 6*4 per cent. feiK'h a multiple would be 6*4 x 4 ^ 25-(>toiv 
and fen* every additional 0*5 pet cent, difference iJic tonnagf of oleur 
will bct increased by 2*0. • * • * , ’ 


f • 

Fig. 13 illustrates this point, auu ^hows the graph for sulphuri 
acid eff strengths from 98*6 per cfjnt* to 105 per dent. ,This type i. 
graf)h possesses the advantage that on account of its sirnjilic'ity it ca 
be readily redrawn jf any (iiangc^ in the strengths of the available 
sulphuric acid necessitate that this should be done. 


PercRntagp of II^SO^ in 
sulphuric acid required. 


990 

99'5 
100 d 


Tatu.e 3. 


Differenrc in H^SO^ content 
between the sulphuric acid reqwred 
and Ciiillo suliihu|ri<' acid 

(9H ' 6 i>er cent.) • 

t 

04 

. 0*9 

^■4 


• • 

'I'onnagc of oleum in 
Ions of sulphuric ai icl 
, of the required stren^h. 




I ‘6 

3-6 

56 


Dopn for XNT Mixed Add — (b) Mixed Acid Dope.- This dope ‘is not - 
often necessary, *l)ul it is occasionally desiraTile in the following cases:— 

[a) If iniJufficient nitric acid has been added to the fireliijiinary 

mixes. . | . 

[b) If a.n excess of Grillo 98 "6 per cent', suljdiprid acid has been /un 
^ intb the bJender, causing “the dip to exceed 9 feet^ and 
* thereby lowering the percentage of HNC/j in the blend; 
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(c) When tfie diluljpn^rrjr^is conSidSfalile, causing the ratio 3 tP 
• • • ^ 

be very low, lluiHtnaktng a iuTjihuric: acicl,do{)e iin|)ossible. 
IJmler ciny ov\p (j4‘ tlTese circujiistaiiccs, th/ee, courses are open : — « 

(1) The HNOj^conlerit of the l^end*c^n be increased by adding 

strong •pitri? acid to a charge ot*^4o inches xt^hjeh,. has 
bVn pumped brick *froin the blunder to* ami Jor (<^l)Ujrnping 
lino c(0inec|:i/ig the sltidge c:^'tts*pf ^.lie blendg,r§ to the 
mixers exists for this purpose). Sufiicient*^nitric ^e\d can 
then enskly •be addea.to give an ^NO, ^content in* the 
J)lend which is lii^h c^^opgh to allowiof a sifljihurk'/acid 
* ^ (lo[)e bc*ing maefe in jlie usual hianncr. ^ # 

(2) . If tlie HNDj content is lower tluin that* reVquired bv specifit^i- ‘ 

tion, a‘ dope of nitrh' arid is jiossiblc in certain cases,* 
j)rovided*^the required slrengtlTis betweem 50 per c6nt. and 
90 ])er cent., Tliis is added as in /i) to a portion of the 
blend jjumped back to the mixer. * • 

(/,) A dope of mix(*ch sul|)huric and nitric' acids can be made. 
The mixed acid ejope is usually res(,)rtc‘d to in.thc^ casif of 
TN'i' iiji:»ed acid. Methods (i) and (u) are occasiotially 
useful, howcvcM', particularly as regards MNT mixed ac'id ; 
thes(‘ cases jvill be considc-^rccT later. • 

*bi order to rodhc’^ the mixed acid 'dope to tabular foriiv it is 
necessary ^or the tonnagciof tlie blend to be constant. This is not 
ajiractic al diHiciiltv, for the standard dip of blends of TNI' mixed acid 
is fe< 4 , and in any c ase the occasiofial errors are on the luglwsidc. ^ It 
is therefore an easy matter before doping to reduce liie level of the 
blend when nec‘(‘,vsary to q feet by levelling down iw ihc. next blender. 

I'hree tabU:ji are in use, two of which may sullke. The first tables 
give thcrdopes for standard blends of varying IINO^ content but with 
correct ‘/lilutions. (liven these, it is a sim[>le matter to introduce 
tform-iions for the e.rfors in dilution. 

• Table Dope for varying UNO ^ content bill correct Dilution.- The 
c alculations for thi^ tabic Vue quite simple if the case, be first considered 
of thff dope for a blenvl^roiitaiiiihg 17*8 per ( cnl. of UNO,. The dope in 
the latter c-asc will of cqursc be of correct analysis, viz., H^SO^ 79*5 per 
cent., HNO. 17*0 per cent., 'H^O 2*7 per cent. Assuming the dope to* 
consist of 17 tons, them,, it c'ontains 17 X 0*178 - yo^ tons of HNO3, 
and 17 X 0*795 i;v5^ tons of H^SO,. (iiven nitriu* ac id of any 

fixed strengtli (liere taken as 86 pcT cent.) th(‘ tonnage of the nitric avud 
and the tonnage and strength <.)f the sulphuric ac'id naturally follow, 
'fhe rest of the table is-based on the fact that cr i p(*r c'ent. -acidity 
is ccjLiivah'iit to i‘444'’' X 6*1 “0*i.|.]4 ton of acid, /.t., if the KNO3 
nkmtent is 17*7 ])cr cent, the tonnage of JIN(){ required \or« the dope is 
ecjual Jl() the tonnage of HNO, reqifired for dopifig a blend containing 
17 ‘^percent, di UNO, less o*,^444 ton, and the tonn^i^geof H^SO, in the 
'dope will tl|erefore be c^qual to thq tonnage of H,,SQ4 required for doping 
a bleftd contahiing, 17*8 per cent, of HNO, plus 0*1444 Jtori. ‘This 

' * See page 4^ I 
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follows frorfi the fact that th«i (Jjlution, and hence tiie^ total acidity, 


A tab^ 

le is ftrst/lrawii up-ih thi 

• 

HNOj content. 

^ Nitric acul. ^ 

« 

UN<1, ’ 

» 

1 

. • • 

« 

r - ^ 

> 

* 1 

k 

Per cenj. '' 

« * * 
t 

1 

'Fori;. * 

• b 

-.A* '* 

( ' • 

1 ons. 

r • 

» 



* H,SO, 


Suli»hurii’ 

1 dCl</ 


'Foils. * 

■i 


V I 

I Ol 


7 


on^#. 

c 


IVr ci'iil. 

I . 


Oleum 


Tniis. 


which it is dAsired. to dope. Tlll■^ liaviiiff I'ceii •done, /* is jreadih 
qh^ainable f/om the loiniage of HNtV, rccfiiired and^ tlie niosf general 

strength ’ available ; c \ y — J) ; f ''' and fiivdlV ^ - 


/ X (/-» 98 ‘ 6 ) 


6-4 


, when tlu‘%)l('uni availablt* is yf 105 ptT (*ent. and 


'the Wi;illa si\l])huric' ac*i(,l of 98 *6 per rent. ,H. SO,. 

fij. presenting tlie tabic lor practical iis(‘ onlv llie ('oliinins giving 
a, bjVand / are ntn'essar;^. 

Tlte dilution of the blend i*s corrected by vither (7/) incivasing tjie 
amount# of oleum in the ck,^u', whilst keeping#the total tonnagf^) id 
sulphuric acid constant, in ('ases where tlif'.^dilution e.xceed^ 2*7 per- 
cent., or (b) dec'reasing tlie amount dlenm or igcliiding a ('crtaiiv 
amopnt of»weak sulphiirii' acid in flic dope in cas('s wIkmc^ die dilution 
is less than 2*7 ])er ( cnt. ^ 

* I'aulk 4. * 


UNO, 

Nitric acul 

'I’otal 

( jr'iini (k>5 

1 IN.'*"), 

Niil ic acid 


(^Uum*(ji)5 

COlllCIJ^. 

(86 per 
cent.). 

sulj^hiiric 

acid. 

JKT rent. 
(LSI ),). 

content. 

(.% [.n 
< enl ) 

f 

sidpliui ic 
a( III. 

• 

Ijji cent. 

• 

Vr cent. 

'Fons. 

'Foils. 

'Foils. 

Per refill. 

• "Foils. ^ 

‘Foils. 

Tons. 

lf)0 

^’■.5 

I ‘‘’5 

q’(y 

^75 


1 po 

4 V 

lO 1 

G -4 

IO ‘ () 


17'G 

.rn 

Fk J 

4'3 

, 16' 2 

i) 2 

10 s 

8-,S 

17-7 

i 7 

0 

3 '9 

i6*3 

f) fi 

11*0 

«-5 

17K 

/) 5 

« 3 ■ 5 

3'7 

16-4 

.5 ■ n 

11 I 

8-0 

170 

.J 1 

J .5 

3'3 


5 % 

! ' 

7-8 

i8'() ' 


13 


i(j^b 

5‘3 

1 5 

75 

i8- 1 

.rn 

i.\ 0 

2-8 

i6'7 

54 

lit) 

1 '^ 

i8-2 

2-8 

14-2 

2 ■ 2 

i6-8 

5‘2 

11 8 ^ 

fC() 

i «'3 ' 

^'7 

« 4‘3 

*20 

iG() 

• 5 ‘^-> 

120 

j f> G 

i« 4 ■ 


>4 5 

i '5 

>7-0* 

4 ‘n’ 

j 2 ■ 1 

! G ■ 2 

■«'5 

-■5 # 

t 4’7 

1 ■ 1 

17-1 

-1i 7 / 


5 n 

38 (» 

' 2 ' 2 

. * 4 ^^ • 

on 

17-2 

4'5 

12'^ 

50 

• i8'7 

2 0 

FS/> 

^•G 

-i 7‘3 

4'4 

•1 2 G 

5‘2 

1 8 • 8 

1 -8 

1 5 io 

()*4 

17-4 *• 

. 42 

# 12*8 

• 

•in 

k 

• 

i ^ 

• 


N.ii. — The difference between the total tonnage of siiljihnric ac ?d 
and the t\>nnage of oleum is to consist of Grille 98 ‘6 picr(‘enl. sulphuric 
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» 

Table 5 ; CiA'rection when &ifution ep^^eeds 2'7 per ce**.-^Taking 
case (a) first, life replact;mw.t,in the sillpnuric acid of the dope of i ton 
of GriHo 98 -6 pp^ cent, sulphuric; acid byd ton of oleujp (105 per cent. 
HjSO,) is equrvalcnt^to»rdducing the tonnage of wetfer in the'Hope, an(J 
ther^hfro in the fiViabblend, by (^•064 ten. • 

01 j)er pent..diJuti«iT in a blen8 of 1*44^* 4 tons is equivalent to 
0 • 144^4 ton. y * • '•’V*** ' 

I’onnag&of qleura Required tt) fepla(,:e Qtillp^qS’b per'cent. acid 
in coiopen'sating for a dilution o'l per cent, too high il — , " 

V*I44A « . 

= 2*22 tons. 

0*964 f ^ 

• 5 shovvs *11118 in tabular form, giving the tonbage of oleunu 

f'quivalent to a givijn error in* dilution, * ' 


Taiilk 5. 


A 


Krror in dilution. 

hquivalrnt of ^ileum. 

Error in dilqtion. 

Equi^i'alcfil of p]^um. 



' — . ... 



m ■ 

Per cent. 

Tons. 

Per cent. 

'Pons. 

O ' If 

*>' 2 ‘ 2 


i 3 ' 3 * 

02 

4*4 

#» 0 7 

157 

Ofi 

^'7 

0*8 

i 7’8 

(V 4 

8*9 « 

09 

20*0 

05 

III • 

I 0 

22*2 

r 


111 order to jllustrcule the use oFthe two tables, the instance may 
betaken of a .blend containing H^SO; 8o*o jx'r cent., HNO3 17*1 per 
cent., apd HX) Vr9 jier cent. 

Tdble 4 gives the dope for a blend containing 17*1 percent, of 

and of correct dilution as — * 

. ' * * 

4*7 tons of 86 ])er cent, nitric acid ; 

12*3 tons of sulphtiric acid (total) ; and 

' 3'9 tbns of ol^.nm (105 ’per cent. H2S0^). 

The dilution is 0*2 per cent, higher than 2*7 per c ent., and Table 5 
shows this to be ecpiivalenf to 4*4 tons of oleum. 

.-. Total^ ok'um in dope is (5*9 + 4 *.4) = 10*3 tons, and the 
tonnage of Cirillo 98*6 sulphuric ac'id by diHerto^e is^(i2*3 — 19*3) 
= 2*0 tons. 


Tile dope should I 
therefore con- 
‘-'ist of - . 


10*3 tons of oleum (105 per cent. H2SO4}. 

2*0 tons of Grillo sulphuric, acid* (98*^6 ger 
cent. HoSOj. , ^ 

4*7 tons of nitric acid (86*0 per cent. HNO3). 

t Table 6 : ^CovvecUon when the dilution is. Ices thom 2* y percent . — If 
the case of, a blejid df analysis HjSO^ 80*6 per .cent., BN 63 17*1 per 
cent.,** and 11,(3 2 ‘3# per cent, be now considered, Ihe dope^for Correct 
dilution is the same as in ihe previous cjise. The dilution 0*4 per 
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:ent. lovfrei* than 2*7 per^ however, and it wilt i^i tliis rase lie 
nocessary to replace oleum by Grillo * 98 *. 6 ! per cent. sLily)huric acid. 
The tonnage oh oleum eqiyvaleiil to »m efror in dilution of o’4 per 
j:ent. is gi^en in Table 5 as 8*9 tons, and the* tonnage ot oleum, in the 
dope should therefore be (Vo 8 - 9 ) ^ — 3-0 tons. * The meaning of 
this is tha* the replacement of arl the oleuih ‘by Gv>lIo a 8*6 sul]>hnfir 
acid *(viX., 5 * 9 jlons) Woull still be iilsuflj^cient {o sui/)ly the water 
necessa'ry to dilute Jhe Wend to if-y^per cent..^ ^ ^ ^ . 

In .actual practice i*t is customary td replaV e acertain amAunt.of thn 
Grillp 98*6 per cent, acid by'GaillarS ( OiK entiiatnd at id of ( Ctit, 

* pieuilf contains* - 19510 per cent. H^SOdDilh^rence -= b-q 
Cvrillo acid ('ontains *- 98*6 * „• ** ' { • pVr ( ent. 

‘ ^ Gaill^rd concentrated gi ‘0 per cent. H [Dilleren,(’« -- 7 * 6 * 
^ acid contains - . • • * ^ ^ per cent. 

If these two dUIerciK'cs’wcre eqmd, then* tlic^ 3*0 toys of. Olyalin 
in the above c'aU'ulatiop would signify tliat 3 ;t»uis of GaiJIArjl 91 y)er 
cent. ac*id would be n'qujred in the dope. . 

With the differences as tliey ar(', however, 1 ;() ton of oleum is 

equivalent to = 0*84 tons of qi’o yier ('out. sulphuric ac id, th(‘ 

reasVm being that the'^hgure - 3*0 tons of oleum obtaiiu^d above 
requires, in addition to the replacement of alK the oleinn l^y 98 'b y)ei 
cent, svdphuric acid, a further quantity of watijr'in order to iiu'j'ease 
the dilution of the blend. This qua? tity is .Kyual to the water content 
of 3 tons of 98 ‘b yicr c'ent. su!y>huric r.tad less thp water content (ff 
3 tons of, oleum, i.c\, 3 X 0*064 Um! Now the replacement of i ton 
of qS’b per cent, sulyffiuric acid by i ton of 91*0 y^er cent, acid incTeases 
the water in the dojie by 0*076 ton. Tlie tonnage 'if 91*0 yicr cent, 
acid which is equivalent to — 3*0 tons of olcunf is tlierefon' 

3.x 4 ^ 3 X 0-84 tons. 

o * 07 b * ^ 

Table bis as follows, and is used when the 1pniiage,of ole(ITn 
calculated is a negative quantity in order to ('oiivert - tons of oleuhr 

into equivalent tons of sulphuric ac'id of 91 por cent.^streiigtli. 

’ * 

Table 6. 


Oleum. 1 

91 jjer cent, sulphuric 
acid. 

■ — » 

• 

Oleum. 

• 

Tons. 

Tons. 

'Ions. 

—I 0 

0*84 

— 20 

— 2*0 

1*68 

—0 I 

~ 3 ',o 

2*52 

.—o ' 2 

-40 

336 

-O ' 3 . 


4 '20 

-o'4 

— 6*0 

* 5 04 

* -O' 5 

- 7*0 

' . 5 *«« 

— o'6 

‘ ~8-.o 

• 6*72 

■* -O’ 7 , 

-9 0 • 

• 7 ' 56 

“ 0’8 

— 10*0 

8 40 

- 0*9 

1 

• 

1 


91 p<tr t:enl sulphurif 
acid. 


Tons. 
16 80 
o' (#8 
()■ i() 

0*25 

o' 42 
. ^ • 
o 50 

• o'O? 

:)'7tr 
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One more eKumplc is givefi^’in order k) illustrate the use of the 
foregoing tablts, viz., tliaU.o^ ij blcmt ccfntaining H^S04 8o'4 per ceut., 
HN03*I7‘^ per ctnf., Il40'’2’’3 per ('ent. i-ir- f 

(a) From'Table^4 fchh dope for corrort (filution But ineoifect HNQj 
conteht ib given as—* • • 

Nitri(?acid«(86 per cent. VINO3’) ‘ - -« 4* 4. tons. 

Votal sul[)luirjc acid - ‘ . i‘2'6 „ ■ 

(Xemn (loj j<er cent. H4AO4) , * - '$'2 „ 

(k) Tfie dilution error is ('2-7 -2-3)'=- 0-4 i)er*cenj.,’ahd from 
' ' Tal)l(' 5 tli/e (jAiaiitity orpleum equivalent tp this is 8^9 tqns. 

c-'- Quantity of oleuinfii) dope is (5‘2— S'g) — 3*'7 tons, 
(f) From Table (•> it will be seen that - ■3-7 tons, of oleum are 
■ • equivalent to (2:52 + 0-59) ^3-1 Tons of ai per cent' 
sulphuric aci.'l. " ' , , ' 

*Tli'e ve'iiiainder o! the sulphuric acid is to be made uj) with Grille 
98 ’6 p(‘r cofil. acid. • * 

Ouaiitityof 98*6 cent. sul|diiiric acfJ required is(i2*6— 3*1) 
= 9’ 5 Ions. 

'Idle dope requirc'd will iKorefore consist of:-- 

Nitric acid (86 jHT c'ent.) i- - _ 4’4 tons. 

Su 1 |)tiuric ai'id (98*6 ])er ('cnt.) , - - - - 9-^ 

Siiljtluiric aci/I (91 per cent.) - - - - 3’T 

Dopesr for TNT l^ed Aud-~(cj Exceptional cases. Il may liappen that 
tjie 17-ton dope r(;f(M*n'd to on pnj^e 52 and sul)sef[iiently is not larj^^e 
enout^Ii toelTi ('t the nocossary conevLion in the blend. Such cc'ase , will 
bo indicatc'd by the calculated quanthy of oleum or 91 \)v\ cent, sulphuric' 
acid re(|uired bahig gr('at(*r than the "totardoniiag(> of sul))huric acid in 
the dope, and diis net'essitates a fresh starting point. 

. Vor instaiKT, a 34“t<>n doj)(% /.c., a double dope, would be iK'.cessary 
with a blend of analysis ir.SO^ 79*6 per cent., IINO^ 17 per ('enC 
pf'i c ent. \ 17-lon dojx' for a blend of corro<‘t dilution but 
vvhich ('ontains 17 per cent, of HNO^ is giv(*ii in Table 4. If a 34-ton 
do])C is nn|uir(^d the eN.tra 17-ton dopt' must be corn^'t as regards 
HN6\ i'ont(M'.t, since, ’die lirsl sJope is suHii'icnt (o corrcf't the l)lend in 
respect of this ('onstituent. 

'1 he 17-tou dope for II-NO^ — 17 j)er I'ent. contains {see 'I'able 4) 
Nitric acid (8() per cent. UNO,) - _ - q-q totis. 

Total sulphuric a('id - - - ic’i ,, 

Oleum {J05 per cent. H.S(h) - - - 6*2 „ 

'Idle extra 17 tons for HNO^ ~ 17*8 per cent, contains (see 
Table '4): — 

Ndlric' acid (86 i)er cent. H^SOJ • - - 3*5 1;ons. ' 

Total suli)hunc acid r3?5 „ 

Oleum (105 per cent. H2SO4) - y . 3*7 

The 34-t()u dope for IjNOi -- 17 per cent, coqtains : — ^ 

Nitric acid (86 per cent. HNOj - - 8.; 4 tons. 

Total st.lplii|ric acid 25*6,. ,, 

Oleum (105 per cent. - - - 9*9 

The error in dilution is (3*4 — 2*7 0*7 per cent.). 
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total 


• 'T'l . . , . • * 


• 2 f ons. • , , ^ 

Tile actual dope tlierelon' c*)nsists*<if : 

Nilj-ic acid p«r tViit. I^NX),) 

^Iplniijc tK'id (^!?'f:»j)or iviu. 

nit-um (105 per ci-iit, H,S0,), 
and thv .\VopId fee divided i*„lo lu-o e.pTal • ” 

s.sr,S“;L^“;„?,''r^s !L:‘ ’Zr .tr;.;. ilx';* -rrr 

actual ^ilNO; cnleni of tite l,l«d,| a rt »/, ! ;. 

tAlemt'x j’!8 rx" "‘7 " ''Ui."ltNOr 

DopAs for MNT Mixed Acid - (a) Snlpburic Acid Dope The •x».,4,., .1 

's - - 

HNp^content is low. | hese are const meted oft similar lims to e 
sulplmru' acid dope tallies, an,d are set out as iiidicateil helow. 

Specification I ^i mils for MXT AZ/.r^-x/Mr/d. 

H,SO, - - . . . * Percent. 

hlN(.), - - . ■ ■ ’ ‘ 1’“ '’ 

HO ... . ■ 

- - - 17-0 

* * — 

.*100*0 

II9-?tons!’'*"‘'^'' '• ''lend’of « feet dip is 

I ahle 7. 

_ _ ^'<»'>’eclion for f.ou' UNO, Cvnlcnl. 


HgSO^ ill 
^^oripiiuil hlf'inl 


7 „ 

^ O2 ’O 

62 ' I 

62 ■ 2 

6'j '4 

62 ■ 5 
62 b 


Nilric fK ill 
nM|iiiir:(|. 


, Tons. 
Nil » 

O' It) 

o ■ tS 
o ■ 5S 

•o '77 

■o ■ gb 
'ii.-i 


62 tu 

.JT 

i I ' 6 J ’ 

62 '9 

’ «'73 . 


I 1 92 


Coi ifi lion f(»r 

I lodj fli|i. 


I (MIS. 

Nil 
( ) ■ 02 
()'o 5 
()'n 7 
O' ro 
o' 12 
O' 14 
(f 17 
o' 19 

O ■ 22 
O' 24 


1 ^4 m 

(Mifrin.'il lilmd. 


‘ 7 . 

0 ^ ■ 2 

;m ;4 

<‘J .s 

bjb 

^•3 7 
03 *S 
63 V 9 
O 4 ' ( ) 


NlllU IK'ul 

leMjiiiitd 


1 «MIS. 

2 11 
2 • 3 (.> 

2 ■ 50 
2 '()() 

. 2-88 
Jf >7 
.r '-27 . 
3; -If* i 

3 T 4 , 


CDriertniri for 
c u ll 1 foot (lljl. 


■ I'oFiS. 
O ' 2 b 

0 ' 2 if 

O.' 3 J 
f >’34 

O' 3b 

(^38 

(>Af I 

"Ti 

O ' 4b 

048 
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^ , Jable ‘8a.* ** 

Percentage of in Nitric^ Afcid ^required by .Dope. 

' (Casfiwliep (lilutior is less than ^ 7'0 cent.) 


k 


f, S. 




s 

r‘*rcenlagc of 

S 

I^erccntagp of* 


'^‘ercent'igft of 

:7 

nttOj rpquiretl. 

. 7 ' 

UNO, required. 

‘ ^ c * 

HNt), required. * 


1 


, c 


r ; 




< 

C ^ 


, * ° . 

21 'O 


6i;6 

(>'5 

73'2 

i ‘5 

‘ 41*7 • 

.10 

62 • 3 

. 7'0 

74*0.. 

I ‘6 

44 ’^ 

32 i 

. f> 3'5 

r. 7*5 

, 74*7 

^’7 

47*0 

•3-4 

64*6 

8*0 

75*2 

1*8 

48 

3 ‘f> 

6 y(> 

. 8-5 - 

75'7 

i ‘9 " 

5 ^U 

.t 

66*6 

9*0 

76*2 

20 

52*0 

4*0 

67 *s 

10*0 

76*8 

a 2 ■ i 

1 1 

b ‘5 

4‘2 

68*3 

12*0 

77-8 

22 ^ 1 

55 ‘« 

4 4 

6q * 0 

14 *0 

78*6 


*56 * 2 

4*6 

69-7 

16*0 

79*1 

2*4 

57*5 

^ 4 « 

70*2 

18*0 

79*6 

2*5 

5«-2 

5 <> 

70 • (> 

20 * 0 

80 0 

2*6 

' 59 

5 ' 5 ’ 

71*7 

30*0 

8n*9 

2*7 

60 * 0 

6*0 

725 

40*0 

8.-4 

2*8 

6o*8 


* 




.s — p.y-es.s of Hj{S 04 in blend ; d ''rror in dilution. 


Tadlk 8h. 

Percentage of HNO^ in Nitric Acid required by Dope/ 
(Case, w[ien dilution is gieater than ly^p ])er ('eiil.) 


S *' 

Peicentagr of ^ 


IVrrenlage of 

s 

Prrce.ntage «.)f 

a 

UNO, required. 

d 

IINOj required. 

d 

UNO, required. 

4*0 

' •‘iS 's 

5 -(> 

94*1 

10*0 

89-2 

4'2 

970 

58 

93 '8 

12*0 

88*3 

. 4*4 

<)/ 0 

6\o 

93*5 

jq*0 

i 87-5 

4*6 

96 "3 

^'5 

92 *f> 

if) *0 

8 f.H 

4*8 

95-8 

7*0 

91*2 

18 ‘0 

86 • 3 

5*0 

‘> 5 '3 

7*5 

91*2 

2()*t) 

1 86 * 0 

5*2 

‘H '9 

80 

90*7 

3 ()() 

85-0 

5*4 

94 '5 

90 

90-0 

400^ 

; >'* 4 '5 


.s = excess of IIjSO^ in blend ; d — erroi in dilution. 


fN.B. — When the ratio ^ is less than 4*0, it is not. posr.ible to dope * 

with^ritriO; acid alone. If the diluliun is eorrect, i.e,, lyo per c'eiit., the 
nitric acid required must contain 83 per cent, of HNO3.) 

As explained or^. ])age 52, the method of ' making the dope is to 
I)unio 34.V inches of the blend back into the mixer, cifter which the, 
necessary nitric acid is added. In applying Table 8 a, when the dope 
consists of nitric, acid containing less tnan 80 per cent, of HIJO3, there 
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is a danger of increasing tlic »>iVilv>n oi tiio mix above 20 T)er cem. This 
IS undesirable and in practice care is tak<*ii*i«’?er exceed a dilutjon of 
20 per (_enk in a sleid mixur. Siinie imdlutd is iiecessarv, llteii'IOrc, in 
(1Vci6r to inciKRto tlic ciinoi^iit of iiilnc^ cit'id •pc'irticiil.'H' 

which can be added to :Hi,iwche%nr an MNT blihid in a mixer, idiis 
js arriverj a\ qs (nJlo\t's ^ 

34 |- inches bi MNT, mixed lici^ are eifiiivaleiit toi^o-q 1.41U. K 
(20 — d)^p 3 r cent,. rIprosenU tlie actiiaJ dil&t*on (lie bigiid to be 

doped ; ,if' tlib dilution permissible i^ 20 per cent* ; and if (20 + »1 jmm’ 
cerft. Keiiresenis the ddution of lhc<iiitri.-, acifl ifsed in lb? (fope, ilVn 
the quantity x)f nitrii'" acid i.)l diVu{|iou ^20 -Td per ci'id^vliii'li when 
^dded to io*4‘tons pi MN T niixc’d ;irid of diliititMi fjo J) per ('(nil 

j^elds a mixture of dilulioii 20 •per *cen(*. is ecpial^lo 4 ^ 

This be ('itlier or i^iveii in tnbiiLir forni Ti^.'iiiisl ’the 

inverse rrcu:li(.)n wliiclinis uSLUilly ^K'jU'r Ilyin iiuilv. ' * , 

If the dope contains more' ilian tliis pn‘s('ril)(‘d\]uant il v of niliic 
acid, Ijien it will be* iiei'cssarv to jumip back iiKjie than oiHM h.ai4>(* ‘^1 
34i irK'hcs of llu^ orio-ipnl lilcnd to tlie inixt'is. 

Dope for MNT Acid. — (c) Mixed Acid Dope. — I'f rieillK'r a viitrii* acitj 
nor a sillpluiri(' ac id dope' is*possibii% tluiii a iiiik(*d dojie is . 

Tliis is the (nily dop(' whic h is cak*tdated (i*irect. In this (’a?;e, also, if 

tlie diluti(.)n is less than 17*0 jk'i* cent , l ah' ninsl ix’ .exercised to avonj 
niaLinp^ a ('oin])(‘nsat iiii;' mix having a dilution (‘xt'ccdin^;- i»o jx'rcc'nt. 

d liis is b(^st (*ITc( l(\l by lirst cxilvulat in^ tlw miiiiimim dope possible' 
to ('orn'ct tlie blend in order b.) k(X'j) within tlie 20 pt‘r ( (ait. dilution 
limit. 

• 1 )ilutioii ol blend - - (ij’o d) jx;r oail. 

Uequin.'d dilution - - - 17*0 ])er ( eixt. > I >inereii< e » 

Maxinuim dilution of dope ---- 20*0 „ | * per c(’nt. ' * 

riieii, if the tonnaj;(‘ ol tlu* blend is ('(jiial to .v, th(' ;iiininium tonnage 
of tlic dope (/.(X, the 1onnag(' of a doju' of 2(r'jX'r cf'nt. diliitidn) is 

?^qnal to ^ . ’ 

3*0 

The dojie must not b.(‘ h'ss than this rjgur(\ It is usually gn*at(a-, 
in order to make it a-^iuilli|)le of 17 tons, /.e., in oid('r to permit of an 
exact number of similar mix('s being made. 
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, PLAII7 MW PROCESS 'for 'aQO) BOXING. 

V . * . * . . t * : \ ' 

* Kin i deftll ('hirJly ^vilh the;, relation’ of t«h? 'work of 

the ])l.'uils*a> tlf '•hricls,(‘\(.'fe as a whole, a'iYd Jjection:2 with the 

ecojtiraniral utilisation of the /ivailablc acids, tf><;etlihr '\\:itli the 
rfYliKnion to sinijde* taViilj^r foriMs of tlie cak-ulatioivs; involved in 
mixingf aial. (loyiing, this serti^m (^als wijh the from the works 
standj)oint^ ' • ’ 

Genital. lh(*'4f(‘id inixiitj^'phmt eojisislsof ilieh^llowinj^ f'omponent 
j)ai-ts, vi/., sloraf((' for'i./ixt'd and iinmi\':‘d acids, together vvilli the 
various ]>ipc-lines for distrihiiting tlK'saiiic; seven pieliminary mixing 
tanks ^mi.l(M-; ; four iilending tanks (blenders); arrangements for 
distriluiting lli(‘ arid : buildings for enclosing same, &(*. 

It is more coilv(Miient, as a general rule, to tiral j)lant and process 
together, and this <'ours(‘ has i)een followed in the order of the sun'essive 
stages of the mixing process. ' • ' 

Stora(U-: or UxMixKn Acid .wd Di-livkkv to Mi.xrrs. 

Storage accommodation.— Iri disi'ussiiig storagf' ac voinmodation for an 
encid mixing |)1aiit it must be KTrlised tliat tlu^ stoiage rapacity needed 
for niliir acids is (olal ly diffent'nl from that su]»plied for siilp'huri(' heads 
and oleum, hor Ihr l;itt(‘r, it is scv,ind ptdicx to nirrv about two days’ 
stCK'k, with at c( miiiiodation lor three davs* sup])lv. 1 his j)ermits 
mixing to lonlmiK' during any shut down or 1em[)r)rary shortage of 
produ/ ’ii(.)n on the part’ol iIk' ronrc ulralion and SO^ |>io(iucing ])lan1s. 
Aji the saints time, a little (dasticity of working is [)ermi11ed for the 
latt(‘r plants in 1h(^ event of the iiilrit' at'id prt>durtioii lliK'lnating upon 
any acrount. 

1 his is (|uile uinuM'cssary, ht)wev('r, as n'gards sit.>rag{‘ for nitric' 
acid. I'lie rate of pn.diictioii of mixt'd acid at the* mixers is set by the 
rale of prodiichon of. nitric acid at the ntorts and dtTii Ira tors', the 
nitric arid bi'ing mixed olT as fast as it is ])rodii('ed: 'I'he onK' storage 
ar<'f >inmodatit)n which is neitssary, llierefoic, is n^rjiiiied in ordei (i) to 
allow the nitric arid jilanls ample surplus rercicer room for use wdiile 
the mixtas are drawing from fidl receivers, and (2) to jirovide sufficient 
space to receive the nitric acid during a^iiy [)eriod ' during which the 
mixers are unable to take the acid produced. This may b.e due either 
to a temporar)' stt^j^page of the mixing due to difficulty in doping 
blcnds^arid pumping them to storage, or to the need for repairing the 
line /icdiveriirg the nitric acid to llie mixers. 

Deti^ of Receiving Tank for strong Nitric Aci^, — k ig. 7.4 gives a good 
general idea of tnc;: lead-receiving tanks used to hold strong nitiic acid 
from the retorts. Ixach lanjc has an internal diameter of 8 feet^3 inches 
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with a ^?an depth of J f^et lo inches, a slope Iwng given to the 
bottom so that the tanks wil! cfrain t^N^^ar^ls tjie outlet. The lend is 
carried in a fra^nework consoling o[ n 3-inch i)v vinHi by g-inch angh* 
^ringat tlffe top supported oh si^c'3-inc]rbvi}.-ih(;h‘by g-inHr\cos 
spaced, til esc tees being connfvted togct/ierM)y means hfMwu 

3-inch byj|-in('h stcfl ImnSs* wlilh serve to.piieve]jt the bursting of the 
» lead lining ?in|ier. fluid pressure. Tlu^ ^ides and *1)011011 are of 2u-lf). 
sheet l^ad", the^sides be«VigJlangiKl,in\\ard 5 ai the boty^m anc.^ burned 
inside outsi-de, AndF dn’ssed o\ei the l()|V as mdici^^ted. Care 
must; ’lie' taken I0 round oR' the (‘owners of t^ie lop angle as^sluhVi^, in 
order to i;w.vertt cai^ting of lliellead.# T#> i)rtA'ent the lead from 
“creeping/’ ^.trajis oT l(‘ad are bift-j/i.! ou ihe sid(‘^> ov(‘r i^ie mdd stetd 
straps. A ('o^or is 4^)r(ivided of 8 - 1 I). lead ‘^njiported by mtans of 
straps fronV’iCinch diaiiu'ter pijie bc^ir^r^. i'h(‘se fliaj)s ao'iiiTi nett to 
the ('ov'^r, and the coyt^i ^lJ^‘et burned roun(l» bs fdg(' to th(‘ side sheets 
of the tank as detailed. I 

R(^ore the tank is (‘rec'ted a sh(M‘t of i(/ lb. hvid is ^a i(K o\'(‘r the 
top of the tank li)undjflioiis, this apron jflate hrang about inches 
larger dianudra^ than the foundation blo< k, anfl biang afterwards 
turn'f^d* do\vai slightly*all round IIk' latler, so that aiiv l(‘akag('. fiom 
the tluik will drip (•|('ar of the* fo^indations. ^>11 this ai)r»)n plate Uie 
bottoni slic'et of lli(‘ lank l^aid, this Indiig^ slightly less in diamena- 
than the apron sheet, and iJiis also is turiK^l dyw 11 at llfc^ <'dg(‘i, ;is 
shown! 'Die sterd fraiiK'whrk is then (a’('('t('fl, and th(' sitle •>lmets 
fixed in position. 

Acid is introdiK'ed into the ^awk fty nu'ans irf 2-inch U‘ad pipw^, 
wli’icdi «'i,r? cfirried W(dl down insid(' the; tank and bnrmal to tht' roxia, 
Each tank is pi'ovided wil[i gairj^(‘ glass lillmgs so that it may be 
used as a nuaisiiring \('SS(d lot measuring nitiic' acM to llie niixaas, 
The ac'id is discharg(‘d tlii*ough a '2-iiKdi diameter oiKaiing at tin 
lowest point ill tli(' sid(\ this discdiarge Ix'ing j>i’ovi(fed with^.i >-ineli 
reguVus metal plug-xaK c. A 4-inch fuuK' pij^e is taken frfcim ^ai 1 i 
cover, and llie fume |)i|)CS from each set of tanks rae r onnwded logeljird 

and led to a battc’i v of ctindi'iising lowers. * 

• 

Details of Brick Tank for storing 70 pei: cent. Nltrjc Acid. vkdg. i5^s}iow ^ 

the details of a bri< k-liiic'd tank as iis(*d for the storage* of 70 ])(*r f'(Mii 
•nitri(' acid, d'lic tank is built on a conen'te fcmndatfon on th(‘ toj) ol 
which an afiron sluM’t of it)-ll). lend is lai(f down ii|)«>n whieh IIk' tank 
is erected. Vhr lath’i is.20 h'el long b\ jo feet w ide l)\ 3 feel f) iix h(’> 
dej:'p inside, ami is 1)uilt of ,h id n’sisliiig hie ks laid in arid lesistin^ 
cement. Idie bottom of Hu lank is •) nu hf*s Hii« k, ami the s^de*- 
18 inches lliirk at the top and 3 Jeet J iiK h thick at the bottom, te 
\Yitl\stanG’ the ^itatic pressure of the :v id. ,Af ross ear h tank four g-m 1 
chequer brie]< \valls arc built, tJtese lorniing snpprirts for the,acid-proQl 
tiles forming i*he ('ovc f;. Tfiese tile^ are 4 feet loiig*l)\’ i Tool^'^vide 
*^4 inches thick, and' are formed with rebates ‘-u that ^lu: joiuis jna\ 
be ma&e tight. '•The 'outside of the tai^k is r^omj^le^telv ( o^’^ered f^htl 
i6-lb^. sheet lead, the side sheets being brought up over •the ipp anc 
tucked inlo the brirkw’ork as shown. At the bottom of each^tai^k ii 
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provick'd piiu:l! stoneware i;ullct, h fitted with rf Stoneware 

eork. ^ 1 'Iiis ecK'k is leaul (:(?ve*'ed, tlie c-overing being burned to the sWe 
sheets'of Ijie tan'k covering^ ancj is furriit'r^ restrained /by a lead Mrap 
whicli^])asses UiroLig^i Uigs on the side eriicets. In* cW of tlfb coverings 
tiles'a 4 -in('h liolt' isnrt, and a \-\nr\\ ^uinp jjijie inserted therein. It is 
UtVcNsarv 1 o cxvn isr.parfii^ilar care iif iiiakmyf lh(j joints of •this ^tank, 
in order that ^ey may be (^)niifletely acid light* 

Delivery of Acids *to — T1 k‘ recjuireiticiit^ iiftlil^ resjx^ict ^ire best 

rea|is*(?d by , ^'^’i^^hlering liat ('ogstitutes^ a i'<.)mi.)]e^e idixhig cycle. 
This may be said in geiK'nal Itanis tfa (‘omprise the follftwiiiLg st(‘ps«:-- 

(•i) A^rlition t)f the sirtpliurit'acid ('harg('. 

(jj)^ Additioii'^of the nitric acids and oleuki, prclinni^^ary nhxiygt 
and (‘J>(.)lin^ r(‘ad\ he* pumping away. • 

(, 4 ) l*uni]Ving t« b^Jc^nders. i 

Sl(*|«.s ( J ) and ( 3 ) c<)hstitnt(“ tlu‘ ‘'(l(‘ad” tbne for a ini\/‘ jind are 
tlic first i^oints at whi(’h^ S])ecdi ng u[) can • take jdace. The pipe- 
liiK's delivering the sulpliuric acids for tlie ])rebminary charg(‘ should 
giv(' as rapid a Ilow as possible, s(» as to n‘(lLU‘('*tlie tiiiK' u*hi('h-e?!a])scs 
betwee^n tin' ('mptying’of a mixer and the comm(MK‘(Mn(‘nt of the'/iddi- 
tton of the nilri(' a( id, wITk Ii mav l)e said Jo mark th(' Ix'ginning of tlu! 

, , . / . i r ^ 

t'U.'tpjil mi\f / 

, Tli(' sp('('ds of (kdivh'ry of a('ids ihroiij^h thi' various i)ipedr'nes are 
given in tlie following tabk' : — 
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l'li(’ (ignies In the last t'»)lnmn an^ based on the amonnls of acid 
requiied for 100 tons of 'I'NT ].)er day. No pljx' b.iui slKviild ever l)e in 
use more than 10 or 12 liours per day, otlierwise serious delays occaif in 
tlie event of a repair being needed. 

*■ As Clrillo 9 (S*() ]K'r cent, sulphuric acid constitutes tlu! sul])liLiri(' 
4:harge for both TNT and MSJT mixes, it is consi'quentlv of jiaraniou^it 

• bn|)ortc>:ice; as fa.v as rate of j)rodiiction is (xmc'erned/ that this acid 
shoulj Ixi run Jntr) tlie mixer as quii'kly as [)()ssil)k\ 

* It slionld also'be yoted in connection with Ihe IS nes which^ deliver 

* the acids 15 bemadded to the sulphuric charge that a limit exists ^to the 
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rate at wfii“h th?y may W ^v>fiujtted to dist liargc' at^id itilo a mixer. 

Tfiis limit is set bv : — ' 

*' • * 

(a) T)^ raUiaUivhick IhcyiTid can he mi^ed^ icith tlu^ and. already in ' 
^he mixer . — This ('ase will bv til-nlcU la^er (stv ',(>()). * • 

(b) The rate (^f devcJdpTju*ut uj heat in the jrf/A'*a;/A also the rate^of 

ecoolmg ejfected^-—\{ Js desired to roiiliol ^he ^t^nipe.^alure of tliT‘ 
mixing acids, i? is advisable^ to restrict tlie iiow of acids U» tlu^ iiii:jei- yi 
order to rvtnder ^)nj^(issi> Ui •the uud\e o^»lieat^ A 2 '\\\ch 

weak ni'triG ‘aTtfpl^‘ in siie, bn* exaiiil>l(\ h\('ii \vitli,*i liiio 

of this si/e iiAn<.)i\iOSsil)l{' lb utn in llie^^e ifl <‘onliiui?>usly, anVl a 
larger line niiglvi , he 'rv(M) dangtT^'us inj.Tu^ hands of a t iiieless op('ra 
live. Tills bwng so, if a single 2*incir Inie could not enjx' with tlie 
arid lo be infixed, it wo*uld be lielter lt» ji^stal .a: I'^Jlra > ini li Iwu* thad 
fo re]:>lac(* the 2''incli line wdh on?' of "laiger v.Wy. Sfiec'ding up is souu'- 
tiines jjossible, however, I'ven will* nitric acitf Ihu's. 'I'lu' oleum lini' is 
on the same fooling as ’the lines for nilrit' acids. Oliaini ^s’ added to 
the mixes last <d all, and th<‘ aim is to add/t as sh»\\ lv as p'essible; 
uiid(T thest* circLimsIaiK es a slow didivei y is an adv-'iwitage. 

,, pRKClMlNARY MiXIM.. 

General Arrangement of prfeliiiiinary Mixing Plant. — fhe at conipanymg 
illustration, Fig. K), sliou s th(‘ arrangement of I !ie 'acid- mixing pl.'pd dn 
the TNT Acids Si'cljnn at Ouei'jds Fenv. Tiw jilant consists ol 3 iidld 
steel acid-mixing tanks,* eacli 10 feet ui.iiiictt'i 5 !t.‘(‘t mixin d(']>th, a^s 
detailed in* F»ig. j /• luich mixer is fitted with a stnrii'g gi ar of the 
jirupeller typ(‘, and ^ mild steil I'ooling coils, the huuiion of the 
latter being to take' up the heat gia. 'ralial in mixiiigj th(‘ acids. 1 In* 
verticad projK'lh'r sliafls ar(‘ driv('n by ipiarter twist lulls (loin I'lutch 
j)ulleys on a line shaft drixam by a ludi frt)m a mofor; tlu* Ipi< siialt 
runs prac:ti('ally the full lengtli of the building. Cooling walei is 
supplied from a -j-iju'h stcid mam ( lipped to tlu' main slanchioi’jr - 01 the, 
building, and from \vhi('ii 2 incli bianclies arc taken ^lo a ring main 
(iiicirclliig lh(^ top ol (\acli tank, c( >nne('tions' I rom die ring iiiaui being 
made to each coil with a \ al\(* controlling > 'Ji.o' ^piaid ity ol >va.t('i 
through each i'(»ik Aft(a passing through the ( oiI (he water is disdiai ged 
•into op(Mi funnel piju's and th(‘ine into ling mams (‘luirclmg llu' tank 
f(.)undati(-)ns, 1 h(*s(' mams discharging into gutlirs m ih<’ llom. kioiii 
ea('h tank a 4 -;nch sIoikwn aie fume i)ipe is taken oil lo an S iiu h diaiiK'ler 
fume main luniiing tfii* full h'liglhof tin* building, .and snpjioj le.il on stec 1 
runners about ] fec't (Fmelic's high and s}>ac(.*d .about 7 ha t inches ('(adre. 
lo centrt'. Tliis pipe is laid with ii sligid hall towards one end loi, 
ck'ciiiiage, and is (’oiimM lcul to th(' Imiu' s\>.iem ol tin* nitiic-acid plant. 

It should b(^ noied that tlu‘ slnaigths of at iHs and s,/,rsof pipt* 
lines indkaitcd in I' ig. if) luavt' iiysome c.ase•^ lu en chang(‘d ; ih(‘S(* 
* alterations are sfd out m the tabh'oTi pagt' b2. T.h(‘ lykm h^r-* 41 ]>ej 

(-ent. at'id is (dipped to the stanchii)ns of the bniltTmu as inditailert in 

* 'l liis lUJiuixr was <ncrcaM-d later t(/7. 

) . j 
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Fig. 16, whilst tliV other mains ’are carried' an wooden trestles spaced 
\2 feet coni re fo ceiitrcf T^vu-iju li brarK:iies are taken to each mixing 
tank from eacli of *th(* five a('Kl mains refe^itr^d to abovjs, the connections 
at tlie^'inkibifiiig made witli stohcvvan' soc'k'ets. hi alf cases^tlie inlet , 
pi|)es'must be taken vveP down into theftanks and allowed to discharge 
on to a stoneware suj>p(?rted from the bottom of the tank on few 
bricks. ^ ' 1 ‘ 

The outlets <;f the five mixing t^nksare eacl] contr<jlIed b 5 ' a '3-inch 
cast steel vaiV(‘, and are (‘ihipied toge/her into 4-irich'ma^Cis, onchr MNT 
inixtKr'aeid /ind the othoT* for TNT mixi'Ci aidd./ Toj^the former are 
connected two 3- inch motor-driven Douglas [ininps, one f^M operation 
and one for spare, and to the* latter yre connec ted three similar , pumps, 

, tY'oJor Operation and one for s])are. Cast iron cocks arc connected t^ 
the suction and delivery end of each, in order that cany pumj) may be cut 
out for lepairs. 'fhese i>un.ps discharge into 4-in(‘h steel ni.ainsde«ading 
to the 2i) fc:‘t . : J2 feet final mixing or blending tanks (blenders). 

The floors of the inixhig and pump houses aif'of acid-proof brick 
laid ill tar and fireclay, tlie mixing-house iloor having a slight fall 
awciy from the ])um]) house, and the. Iloor of the latter having :i slight 
fall away from 1h(' mixing tanks. 'The foundations of the lattSi^*^ are 
ciKaitar in form and ('oiisist of an <»ut('r wall of. 'nad-pioof brii'k (died 
in with brick rubbh' (»r ('o.icreic, a po('k('t hihig left in cac'h louiulation 
for t!i(' dis(harg(‘ pijK' from the tank. Puiiij) foundations are made to 
stand at least 6 iiuiies aooyi' tlu^ floor liiu' to prot(*('t the basi' of the 
pump from a<'id. In th(' ('ase of tlu' mixer, howi'ver, tiu* solid base has 
the disadvantage of hiding any l(‘akage of acid wdiicli inaN yd\e plai'e 
through th(^ bottom of tin* mixer. Such U'akagi' is most likel\ iu takf‘ 
plat'e through tiu' bolt holes through wlii -li the mixing cvlindei is 
bolted to llie mexer base, d his has acliudly happiMied in om^ or two 
('ases, and lux'essilatcs cutling the ('oiici<'t<' foiindatioii away in order to 
replace the delcx'tive boll. The foundation of otk' mixerwas ultimately 
reiTK v(‘d eiitiri'ly aiul the mixer plactnl on steel girders resting on l)ric:k 
|)illars,a pra( lice whi h has siiu e been followed in th(‘ en’ction of luwv 
plant. 

d in* (]ue^<ion naturally ai ist*s wdic'ther there is an\ r.)lher gain in 
the new airangemenl olhc'r than that of rendering the base of the 
mixer easily ac('essible IVr obst*rvalion and r(*j)air. I Ik' heat r.adiation , 
h’jsses have tlH'rohna* bc'en det(‘i mint'd for a I'Nd' ?nix made in a mixta* 
jesting (n) on st('el girders and (/;) on a comaage base. ddie. mixer in 
each case was allowed to ta»ol with the water shut v)ll froiu the cooling 
c ji^s. 

(<i) Fall in temjjercature in one hour was from 42*4^ C. to 40*c/ C. 

1 emiieaatine of < ulside aii - -- 0*^ C. 

Weight of acid in mixer - — 18 tons. 

Ileat radiated in om* hour - — t8 X 2,240 X 1 '5 X 0*36 C.II.U. 

21,773 C.H.LI. V 

Surface of mixer - - - = 31O scjuarc IVtd. 

i.oss of I.-xat p a* stpiare foot 
- per hour - - • - ™ ()8*i) C.H.r. 
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(h) in\tenaperajtutQ in one HSur was from 41-^® C. to 40*4® C. 

£i.i*4®C;- *** • 

if^perat'lfre of outside *ir - — 6 ^ C. 

Heatlradiaied in on* fious = i8 x* 2,^4p x 1*4 X 9 'z 6 C.H.U. 

io,32i c.h.b. 

Loss of heat per sqdare foot , • 

'per’hftiur^ - — 64'3 C.H.U.'* 

It thjis up^AlrA t^fe gaiil^ id cyoling;«.f|[ect ^is a^Jmcsl iie^Rgible, 
tince tlfe.ovi® diTprencp*ip fall cf ^lemperaluie is within flie rupits gi 
;xperiilienta|^^^r<pr. 

Deiyils ot*4y|tfimiiAiyTffiim. — Fij. i7 shf;wssomf of tljodetaysof the 
^id mixing' tanks.* These are lo feet ^diame^er .wi th/a» mean dgpth . 
i>f 5 feet, and are provided wi^h an i^iWraal stirrip^ gear, consisting of 
1 steel propeller working Avithii a 'CliandK?r.* Above the cliamber a*' 
disrupter is fitted to tfee vertical propeller shaft in order fo* break the 
:ore of*all liquid emerging from the propeller^ chamber, a Ifelter mixing , 
effect being thus obtained. The acid is disc harged bom the brtttom of 
thei*tanb through a 3-inch diameter elbow, to wlik li is fitted a regulus 
met4l plug-valve operated by a lever attached ^lo the toj) of the lank. 
Tile top of the tank isiicompletely covered by a steel cover, the latter 
beingo provided with afe 15- iiy:U diameter manhole and cover and the 
necessary inlets for the admission of sulphuric* acid and * weak, ayd 
strong*nitric acids. In addftion to these cmeflings a 4-inch dictmeier 
opening is made for the eduction of fumes from the acid, and also two 
glands are arranged for the passage of lhfe^)lug-va]vt' rods^; these glands 
ar^ packed loosely with asbestos fibre. Each tank is htted with a 
gauge glnss and coc|i, the connection between the gauge glass and the 
tank being controlled inside the Uiher by means of g, regulus 

metal plug valve operated by means of a lever gear. The vertical 
stirrer shaft passes through the top cover of thd tank, tlieapertfire being 
closed by an acid seal. This seal is partially filled with suli)hvincjJipd^ 
to prevent the admission of moist air to the contents ot the»tank. , ^ 

The life of the wrouglil iron propeller is about 5 months. Observa- 
tion of the projieller has shown that the» blades dangerously thin 

towards the end of this period, and cases are known where the premature 
destruction of the blades has been directly^ respomublt* for short life of 
the cooling coils, "l lie state of the' propeller is most imjKjrlant, there- 
fore, from th^ point of view of rapidity and comj^letoness in mixing, 
and also of wear aiicf tear of plant, and its periodical inspe('tion is most 
essential. 

Ckmsidfiratioiis involved in preliminary mixing. *T\\e asiiects rwjuirinff 
cbns’ideration as regards the preliminary niixes arenas follows : — 

(1) The*actual .nixing logethe;' of the separaW acid§ tX produce 

^ a homogeneous mixed acid. ^ • 

(2) Tl^e development of lieat during tlic' *mixing,of the sepatate 

0 , acids. , ^ 

^3) The reraoviil of thia heat. 
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Prooew of miring leWai^^cids.— Tji^e are two tOBt^ pf the 

effectiveness of^any method^pf mixing, • 
(a) The nitric acid (parficularly is weak) mtist be mixed 
^ into the plplAiric* or phr^ialty mixed Acid sufficiently 
c]uicJrly*,tojirevent the seripus'corrosion of any part of the 
mixer, ^whicji might otheiwise* nssi^lt from its coijjtact with 
ifnmixed nitric acid. 

t(6J Tlie mix must become u»if«‘rm m composit as rapicfly as 
• posSiblffl. « 

,T1fe firs^ point is qujte as important ds^the sqfjond. For e^fcaqiple, 
it is quite possible in practice to add the nitric acid* at faster •rdte 
than the inixiRg can cope with.* Atjempts^to speed up the mining by 
runping nitrk' acid simultaneously from the strong and wfek nitric aci^ 
mains Have proved .tjuite unsatfefi^ctory, as the mixing arrangement 
hot efficient enough 4^o ‘miix the dou^^le bulk of nitric acid at once. 
Nitrous 1'unes from the fume-stack bore witnes^ to the corrosion that 
was taking |51ac;e, but thej'uming ceased immediately when the«supply 
of eithef strong or weak nitric acid was shut oil. 

The mixing gear . — Rapidity in producing uniformity of c^oiriposition 
is brought about almvsl entiVely by the ]n'opetlcr, the dimensiops of 
which are given beluw^ The mixing cylinderf the top of whi(ih*is 
34 inches from tlie mixer* |)ottom, serveji U) direct tlie rising stream of 
a<xd^ and dn impelled (disrupter) on the same vertical shafting; as the 
propeller, i6 inches from tl^e top of the mixer, is set very roughly so as 
to beat the ac'id down, and serves mainly to break up the acid currents 
dlie to the propeller, whicdi lAiglft otherwise prove loo ^sypimetric'al. 
This would ('eitainly prevent anytliing in the nature of a thoroifgh 
mixing. ^ ^ • 

It is tlie iivpeller wliicdi is mmnly resiionsible for the first stage in 
mixing ; the propeller would give by itself stream-lines of unmixed 
nilric'ac’ill 'I'lie impeller renders the mixing far more turbulent, and 
Jh©r«ugbly beats tlie surface acids together. The fact that streafns of 
qnmixed nitrtc acid fire actually carried up> thnuigh the mixing cylinder, 
espec’ially wdien tiie upper Jevcl of the ai'id in the mixer is between 34 
and 4^4 inc'liesf i.e., brlow the impeller, is shown by llie fact tliat several 
lead coils have been ** holed about the level of the top edge of the 
mixing cylinder wn the skles^fa('ing the latter. 1 


, Rate of mixing.- -A very useful figure is obtained by determining 
the time taken for the total (xmtents of the nwxer lo pass through the 
mixing cylinder. 'Hiis is arrived at as follows * 

• Radius of propeller - ’ inches. 

Pitch of propeller - - — i8i inches. ' 

Volume of acid #raised during 

one rcvolutioTf* - - -= X { 7 \Y X 18]^ = 8,056 cubic 

' * inches. 

I Allowing ^ 10 • per cent? for ' t 

slipping* f - - = 306 cubic inches. ‘ 


I'sin^ this type of stirrer, thj actual .figure^s probably nearer 30 per c^t. 
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Volui|Mkof acid actually mixed •* * 

per revolution - !« * r = 2,750 cubic inches. 

Speed of stirrer - - - = 200 rtp.tn. ' 

Vdlumjp of , acid raisec^ *p#r . , , 

minute - - = 55 P,ooo cubic jnclie 

Dimensions of mixer , - *,- = lo feel diaAiefer X 5 feet deep! 

VoliVTle of,acid «in a full mix • • •. 

' (s%y,of 6 irfchet^dip) . == ??*x (5)^ x 4I cubic feet = 35<i 

I "cubic’Vel. • - ’ ^ 

•liime renuirM for a* complefe circulijlion = ^ 

‘ • 550,000 

=^67 secis. • 

Practice •shows that nine ('irculatioi*^,*witli theiielp of the impefler 
motion, give a uniform nyx, llj^e required^Ume^ tcing lo minutes. • 
Under^njj^cirrumslances^is a mix alUiWed to be pumpfHl aw^v until at 
•least fOjniiiiiitcs after tlie last of the nitric* acid lias been adulecl^ 

The velocity, ignoring slip, of the acifi through the pmpeller 
chamber is : — • 

^ Pitch of propellet . - - »i8J merles. 

* Speed of stirrer -n - - - 200 r.p.m. 

•Velocity of acid through jicoj^eller • 

, chamber - - - - i8A ‘x 2#o = appi»ximately 

6(j >^I2 5 ^feet* per 

second. 

. • • * * • 

^This rate is sulTicieiitly rapid to be seriously interfered*vvith if there 

is not enough free sp^cc' between siu'cessive turns in the ('ooling coils of 
the mixer. It is quite (dear that the c^'Siils present a c'erlliin resistance to 
the How, and in the I'asc of one consignment of coils receivc^d the space 
between siu'cessive c'oils and the free si)ace between the lowest #’oi band 
the bottom of the mixer were too small. As a rc'sult, the ('oils showed 
distinct signs of being sc'oured by the stream of cip'ulatiiif^ aci 3 .* Tlje 
free spac'c from the lowest ('oil to the bottom^ of the mtxer was in this' 
case only 2I to 3 inc'hes, and the lowest four or five ('oils we/e eventually 
worn away beyemd hoiie of nqiair. It 'is fouiftl^aclvisable to aIlcA\^ at 
l^ast 6 inches of free sj)a(*e below the lowest^ ooil, and the distanc'e 
;• between siuressive turns should be, as a niiifimum, ig iiu hes. 

Devdopment of he^t during mixing. -The (oiifrol cd the temperature 
of the mixing acids forms a problem of great importance. In practice 
this resolves itself into balancing the safety of tlic j)lant against the 
speed in mixing. From the latter point of view it would seem advisable 
to*permit fhe beat to develop as rapidly 51s pos^ii^le, since the rate of 
cooling is approximately in inverse ratio to the diSerence between tlu> 
temperatures of the mixing ac'ids ai\d the ( ooling Water.* Pfom the 
■'point oS view of plant safety, hijwever, a limit must b^ set upon the 
maximum tempei'&ture which the mixinfj ac'ids, may b^ ‘permitted »to 
reacli.^1 Thjs follows for two reasons, viz., to^ decrease corro%ion^pf tlie 
‘mixers and coils, and to avoicf^loss cJf nitric acid fhrou^^h overheating 
of the mixed acid. In practice, the uppm* limit of tl^e temperature 
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whicli mixing eoids are allowed *to attain is taken a$ aMploxiaiatdl^^ 
40“C. r . • ..i ^ 

*, The heat developed during the mixing of acids may be said to be 
due to thq^ levelling i^*of*the*dilutit>qs df the addd mixad. 
sulp^ric acids ^re, m^ixed, thfcir dilptions are equalised ; but‘ when . 
nitric acid is mixe,d wi^h sulphuric ‘acid', «the mixture can, hardly l;^' 
regarded as cme of nitric acid ^nd sulphyic acid pf ^nal dilfltionsf 
The diltition of the latter ftiust certainly oe regarc^df as the greater of 
the two. .Tlie heat, developed,* a^ found by experiment, oecypies an 
'jiit^rmedi^te position 'between that which 'woujifl be dei^elojiedjby an 
actual equalising of the two dilutions, and that *whi«h would be 
developed ifaJl the water \\4ere coipbaned.with the HjS'C)4, l^jifing the ' 
nitric acid as HNOj'of too per cent, strength. * 

The manner in'Which the fieat develops is most readily grasped by 
‘considefing,what would* hUpiien i^f the mixes were made in the absence 
of cooling of any kind. * 

»? ^ 

“ Characteristic " temperature of a mix. — A' distinguishing feature of 
all mixes made 4 vithout cooling of a sulphuric acid with angther 
sulphuric acid or with a nkric- acid of highei’ dilution Is the fairly 
rapid attainment during the addition of the lirsjt few tons of the weaker 
acid of a more or less thigh temperattirf.. 'fhis temperature i^^mains 
p^raftically. constant during the addition of the remaining acid. 

- f » • 

• The following examples of miniature mixes made in a beaker 
illustrate this point quite deafly. ^ 

Example’ I . — Mixture of 98*5 per cent, sulphuric wdth nftric add of 
approximately 50 per cent, strength. 

Temperatijrt of nitric acid 2 t^ 7 ° C. 


Acid. 


Temp^ratu^e attained. | 

'loinjjerature after 
correction for ri<dialioii 
loss. 

98 ' 5 per cept. 
sulphuric acid. * * 

50 per cent. 
'n<tric acid. 



c.c. 

\..C. 

■’C. 


400 " 

“T 

22 '2 

22*2 

400 + 

50 

62*5 

62*5 

400 + 

' 100 

7 V 5 

78-0 

400 + 

150 

82 0 • 

' 87-7 

400 + 

200 

B 7’5 

940 

400 -f 

250 

900 

98 'O 

« 400 4 

300 

90 '2 

99‘7 

400 4 . 

'■ 350. 

^'2 

. 'ioi’7 

400 + / 

' t' • 

400 

7 — 

88*0 

. loao 
% 


It is quite obvious, therefore, that it would not be practicable to 
, pefmit the atfainnient' of the temperature indicated.’ But, as will be 
seen later, tM figdre is extremely useful to the acids mixer iivindieating^ 
to him the essential'difiScultips to be overcome. 
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Mixture of 48 vs oer cfeitt. sulphuric acid with 89*0 per 

cent ilitric acid. 


-S • — 

— 1 — 

Acid. 

• 

« 

• 

• 

Temperature attained. 

* -i * 

-1 — - 

0 i'emperature after 
correction for radiatiqp 
*• ^ loss. 

— • ¥-7-^ 

’ #• 

• •• . i 


• 

98 5 pq; <*!nt. 
sulphuyc'acifl. 


§9 per cent. 
Ilitric acid. 



• ;c.c. 

• 

c.c. • 

® c. • 


4QO 

» 

s 

^2 * 2 * 

22 ' 2 

40 c^ . 

• t 

50 ♦ 

• 5 «*« 


400 

+ 

• .100 

54*4 

• 55-1 

400 



55*3 • 

, 5 t>' 3 * 

400, 

"f 

200 

• ( 


57-4 

4CX) 

+ 

250 

' 55 *« 

•57 

400 

+ 

•300 

55 *^> 


406 

-f 


55 *^^# 

57 ‘ 5 ^ 

400 

a » 


400 

54*7 

57‘5 

a 


volumfis of acids mentioi!«sd in a 


which were obtajned by mixing the 
1,000 c.c. beaker and m.aking a simple 


radiatio5i correc'tion, may l)e regarded as correc,l?to witliin C. 

It is^obvious from the two examples given, and it follow^ direc'tly. 
from a theoretical ('onsidcraticJn of the heats^of*dilution of siilplftiric 
and nitric acids, that the temperature attained is higher the greater the 
difference be|w,een the dilutions of the Sulifliuric and rtitrit* acids. 

The comparative steadiness of the maximum teinpe^rature attained 
is due* to the fact tluyi when that point has been rcac'hed, the heat 
evolved by the addition of further nitfTt' acid is just sullicient to raise 
its temperature to that of tlie rest of the mix. 

This temperature may reasonably be called *1116 characieria^c tem- 
peratuife of the mixture concerned. It ( an be found very easily, »aii 
has been described, and when obtained it is an indioation of*- • 

3 ^ ; 

(1) The amount of cooling surfac'e desirable to c'oi)e with the 

heat evolved by the mix. • * ^ , 

(2) The time recjuired to ('omplete the mix and reduce the 

temperature to one suitable for purApiivg. ^ 

(3) The difficulty of maintaining at a low figure, by cooling and 

ot)ier means, tlie maximum temperature attained during 
mixing. * 

It is necessary, however, to distinguish plainly between — * 

(a) Tlie (-'haracteristic temperature of a mix, which is the 
^ * temperature which would be attained jf the second acid 

were added in the absence of any cx'iijiling what^soever ; ^ 

{b), The actual temperature attained during practh-al miecing, 
which depends upon tlie efficiency of,co<jling;hnd the ra^e 
al which the sec'ond acid is addefl. • 
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The characteristic tempe.-^iure of^^y mix is ' nof absolutely 
constant, buif varies Ayitli i,nitial temperatures of the unmixed dcfds, 
\The heat -rise is the'constant factor, and^jiome might prefer to call this 
the phara(;teTistic feajture bf tfie pro'cffss. ' It is,t liowever,® more co% 
veifientfor the a/.:icfo n^ixer to think of tte upper limit of temperature. 
, which can be.reac;hed ; ^hjs can be made a tonstant by expressing it in 
terms of acMs, UieMiiitial temperature of wlwcK is afi *avevaee, say; 
2o° t:. ‘ 

t^JJecLof the charatlerislic lem^'erature^u^n mixing , — The ht|;her the 
chkracterisiic temperature tlie greater the difficulty imke^ing at^aAow 
figure the maximum temperature ^ attained cUiring ® mixing. The -; 
difficulties /aue to high temper^Ttures greatly increased • after the 
reduction in water content €)f,^ TNT mixed acid from 4*6 per cent.' to 
2*7 per (‘ent. In the fqrmer cas6 thfi ac id was mixed almost entirely 
from (irillc 98*6 per cent sulphiric ac'id arid retort strong nitric acid of 
about 90 per ('ent. strength. Under these circumstances the character-^ 
istic temperature did not exceed 50° C., and c oiisequently the difficulty 
of overheated iniyes did not arise. The revised specification for TNT 
mixed acid means, in effect, the replacement by oleum of 25 per .cefit. of 
the 98*6 per ('cnt. acid formerly used. Tlic characteristic temperature 
pf a mix c'onsistiiig of oleum and stronjj nitric acid considerably exceeds 
joo° C., fi,nd ill order to keep down the temperature of these mixes the 
oleum is added last of all and in small quantities at a lime to Ike other- 
wise completed mix. ‘ 

■ Another factor which increased these difficulties was the higher 
working efficieiuy at the denitration jilant. This resulted iii the prctduc- 
tion of greater quantities of weak nitric ai'id, whif*h it was necessary to 
reintroduce inU) the acids cycle fn the form of MNT mixed acid. For, 
whereas tlie latter was formerly compose^d of (iaillard 90 per c'ent. 
sulphuric acid and retort weak nitric acid of 70 per I'ent. strength, it 
aft'Twards became necessary to mix Grillo 98-6 per cent. sul|)Iiuric acid 
with 50 pei cent, nitric acid recovered at the deiiitrators. The effect of 
this was to raise the ciiaracterislic temperature,of MNT mixes from 
35'' C. to a UMiiperature approaching loo^" C. I'he former mixes needed 
iittlc, if any, cooling"; 'the latter need prolonged cooling, and cautious 
addition of nitric acid.c 

Thus, both changes have operated in the same diren'tion, viz., to 
throw an increased burden ujiGn the cooling capacitj’ of the mixing 
plant. 

Cooling 0! mixes. — This involves the consideration of — 

(1) The total amount of lieat to be removed froin the mixed 

acidsi 

(2) Sources of cooling, in61uding a consideration of the relative, 

merits of steel and lead coils , ® 

« < 

c(3) Factots detefmming the rate of cooling. 
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It is CK>ft^^ient to de^lJirst will^tlie factors delerwiming tbe rate 
of •cooling. Tliese are, apaftf frd^n the couyng capacit>k of the coils 
used, pnefly as follows “ ' - • ^ 

(i) The maxiritum tenipaiature.pfrnirttecl during tht progress of 
a mix. * • 

, (2^ he Jlemp^'atflre* at which a mix » considered to be cdof 

• « * , ei2|)ugh foi® pumping to the blt^ders. • 

Maat^um tfmperaluve^^attainccil^ (tiirinff* ?ff7A'/;f^^'.*~*-SupjJe men ting 
what Jias already becR said*ofi this subject, it is clear that, with a^planC 
wo?kkig at »i4j^ ftjll capacity, mixes* must t>f fiecessity attam a higher 
temperature ih summer than4n winder, tliis temperature ctepends 

URon— ’ . . 

» * ^ 

initial leinperature*of Uif^ac'ids mixt^l, whi('h may vary^ 
..s mu('h as 20°*C. * , • • ♦ ^ ^ 

(^) Tlie lemperafure of the cooling water, which may ^ary 8^ or 
*9" C. > * ' \ 

(c\ The heat liberated in the ('ourse of mixingp which is the only 
" constant factor. , 

If it is insisted thal^tlie saiiK* maximum temperature shall obtain 
wintepand summer alike, th^n 4)ie time takeji’to cool will be as much 
as 25 pfiY cent, greater in sum^jner than in winter. » ' • * 

The really important point is to sinnclardise the maximum 
temperature and kcej) all mixes as close as possible to this maximum 
temperature^ from beginning to end of ^he mixing j)ro(‘e‘«|S. The tem- 
perature should be fixed as low as is ('om])atible with mixing off the 
requisite quantities (/f acids. ' Unifonjiity of tempenatui'e in mixing is 
the ideal. 

Temperatures at which Acid may he pumped.— depends upon* two 
factors: — . 

(a) The maximum temperature at which njixed, acid may be> 
received at the nitration houses; this is about 25"" C. At one time 
35^-40'^ C. was regarded as a suital>le j)un>,}Diiig temr/erature,, and 
expericn<'c showed lliat acid ]niin|)cd into the blenders at 35°— 40'’ C. 
Reached the liilration liouscs at a satisfactory" lenipeialurc, radiation 
losses in the blenders, pijre-lines, and storage tanks being respor\sible, 
for the drop in temperature. 'I'liis was not tltc case later however, as 
the speeding up of the process reduced the time which elapsed during 
the progress of the mixed acid from the hjixer to the nitrating vessels'. 

fb) VayiatiQn of corrosion with temperature. — ’Miis jroinl is important 
and has mad^ itself felt mainly in connection with the pumping of acid. 
Until the pumthng teihperature was_ reduced, constant trouble was? 
experiei^ced through the seizing of Ihe pumps. It is mow lalfen as 
about 25° C. No 'acid is ever jiufinped from a mixor at a. temjieratiire 
exceeding this, and very little pump trouble haslieeD experienced since 
the int^odiiction of this rule. \ 
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^otal amount of heat to be ^issipatediL'^Thh -cab iio#^be toilod. 
The calculation wiU^e in term%‘of the amount of heat t# be . 
i removed per week, 'on the basis of an Oj^tput of 700 tons of TI^ pe^; 

week. 

< 

TNT mixed Acid, 

Tonnage ot adds mi»»d =700 X 4* &'= 3V360 . tony; ' , , 

The lieal-fise was, d,etermineU fexperimehtally BV mixing together , 
, in a^beakfer relative q.uantities of the acids required. .. . * 

' fIe£tt-,’-ise = 20° C. Ao 77° C. „ ^ ^ 

The acid is cooled to' 25® C. before puqping <if'awav to thci 
blenders. Hence, the heaf to beiremoVed is equivalent tOi the heat 
which, the 'mixed acid would give out in cooling from 77,® C. to 25°-C., 
i.e., 52® C. ♦ > I. 

Specific heat of'TNl mixed, acid = O' 36. 

H'eal to be dissipated - - = 3,360- x 2,240 X 52 x 0'36 

QH.U. . ‘ 

— 140,900,000 C.H.U. 

AlNT mixed Acid. 

Tonnage of acid mixed == 700 x ic6(? - - = 1,134 tons. 

Heat-rise (determined experimentally as before) = 20°C.,Jto 99° C. 

‘ Heat, to be removed is equivalent to the heat which the mixed acid 
would give out in cooling from 99® C. to 25° C, = 74° C. 

' Specific; heat of MNT mixed'acid ==0'46. , ,, 

Heat to be dissipated - - = 1,134 X 2,240 X 74 X o'uG 

'■ C.H.U. 

- — 86,470,000 C.H.U. 

^ Tfie number of mixers allotted for the mixing of each mixed acid 
should naturally be projiortiona I to the relative amount of hea,}. to be 
•di&ipftted in the c.ase of each acid. Thus, with seven mixers avail- 
able, the best f rradgement is to use three for MNT mixed^'acid and 
the remaining four for TNT mixed acid. 


* Total heat lo be dissipated. 

Total hc'at tc' be dissipated per week -= (140,900,000 -f 86,470,000) 

C.H.U.. 

~ 227,370,000 C..H-U. 

.'. Heat to be dissipated per day (for 

'* a 6-day week) - - - . ='approximatelv 38,000,000 

C.H.U.* “ »• - 

Source.} of cocling. — These are two in number : — . 

. (i) The loss of heat through radiation and conduction, from the'^ 
' mixfcr i(self. " 

,.,.(2) The heat removed by the water passing through, the cooling ' 
(Loils. ' . ' 
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Heat lost 1'qdtg.iwn from the Mixer. ' 

, ,, /This quantity has been determined liy* allfcvvjng ^ mix to cool* 
dowi^*wit^the vyater^shut ofFVoxi the i!Oolwig«coils. , ^ 

/ Fall in temperature in ^ne hour »was fronf 42 * 40 to 4(5 ‘ 90*^ C. = 

50^ C. ^ \ V . 

"T*emp?ratufe of outside air - = 6°.C" • • 

'WaighA of Sc^cf in m^xei* j=^i8'tonsf of TNT mixed acid. 

. . radi^tefljn Onejiour - 24^0^ i;5 o*3^C.H!U. 

. • • I • • ^ 21,773 C.H.U., say 22,000 CJJ.U. 

♦ J^riace pf mixer - • - - =*3i6 squaijt^ feet. » * 

of^Jieat ffer square focft pf surftfr e jier jljour 68 *9 

q.H.u. • ’ • ^ ^ ^ 

The lieat lost in this way is approximaleJy*6J*per cent, of the total* 
heat removed during uyxing. * 


• • 

Ileai removed by the Water of the Cooliny^Coih. 

^t.tfte tame of the f losing down of the Queen's Ferry mixing plant, 
fiv(i erf the seven mixers were fitted with lead coils and two with steel 
coils. It is therefore necessary to ascertain the cooling eflic iency of earli 
type oPcoil. • * •* 

(p)*Lead coils , — In ordei*to determine the ^oi^ling elhciency pf’tlte 
lead coils in use, the rate of cooling was delermined for two standard 
mixes, viz., for — ^ ^ 

• (i) ions of TNT mixed acid, and for 

(ii) 16 *5 tons of MNT^mixed acid. 

The first of these* determinations^^as made in a •mixer provided 
with four lead coils, and the latter in a mixer with three lead coils, the 
fourth coil having been disconnected on ai'count of leakage. • . 


(a) The results of the TNT mixed acid have been tabukUed «s^ 


follows 






IVmiK'rntun' 

J’inal temiJor.'i- 


1 

^ JVn>i)erature • 

Final tempera- 
ture M 

Time, 

of mixed 

lure of 

Time. ! 

^ iff mixed t 

t 

and. 

rooling wjitrr. 

1 arid. i 

. !•_ • : 

cooling water. 

Min. 

1 

X. 


Min. 

• X. ' 

*C.‘ 

0 

» 42 -J • , 

20 ■ 0 

18 

34 

— 

2 

41 1 

— 

50 

34 1 

1 5 a 

4 

40-5 1 

190 

22 



6 

39'7 ' 

— 

24 

328 

1 H‘8 


« 8’7 ! 

18*0 


.3*1 

I i 4 'o 

10 

* 37'8 1 

— 

28 

■• 3 '; 5 

3 CV 8 


12 

.37-2 ; 

• 170 

30 

r '-..rs 

14 

364 

j 

% 32 

300 . 

16 • 

! 35 7 

! 160 , 

» 


• 


Temperature of cooling water qn entering coals* =^2® C. iSi^ns o 
TNT mixed acid were cooled d®wn from 42; 2° C. to 30® C. in 32 minutes 
using four coils. • 
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Heat given out by this qu&ri- ^ 
tity of^acid /« -"'•!> « ■ = lo X 2,240 x 0*36 X 12 ’2. 

= 171^(^85 C.H.y. in 32 minutes. 

= 332^000 C.H.U. per ° hour (ap 
f proximately). ' > 

Fall in ^tempevaturc ^due to " ' ‘ - 

ijidiation - - , - - = 22,0^0 O.H.U..*pe/hour.° ,, 

Heat trapsferredj.t 9 cooling* ' „ ; • ** ' 

water ^ = (332‘qpo-22,looo7C.H.tl,' 

' ' , = 310,000 C.H.U.,^er hour.‘' ■' ,, 

Ivacli coil accounts for r, ^ " 

3i o;ooo 1 77,300 C.H.U. perjiout.o 


' t 

(6) Results for ^NT mixed acid • — 


Tiiiif. 

Tprni)Praturo 
of mixed 
acid. 

1‘ inal tempera* 
ture of 

cooling water. 

Time. 

Tempera tin r 
of mixed 
acid. 

Fiinl temnera- 
luie of 

cooling water. 

Min. 

. 

“■c. 

®c. 

Min. 

*. 

“C. . 

X. 

0 

4«'7 


24 

35 0 

i 3‘5 

2 

4^5 

• — 

^ 21j 

34 ’5 I 

0 — 

, 4 

40 V) 

160 

28 

34 'o 

. 13*4 

b 

40 '.t 

0 

30 

33'5 1 


8 

i 39'8 

^ 5’5 

33 

1 32*7 ! 

i3’o 

10 

39 c 


34 i 

1 32*5 i 


12 - 

■ 38 '.5 

150 

36 1 

1 32*2 ; 

12 'Q 

H 

37'9 

— 

3 « ! 

! 31*0 

— 

16 

37 ‘3 

14*4 

40' 

3i'2 ; 

I 2'8 

18 

3 fi '7 


42 

308 

— 

20 

360 

140 

44 

304 ■ 

12'7 

22 t 

i 

35 ‘3 

1 

1 


300 j 



'fempei.ature of cooling water entering 
coils - " - - , - - ^ 2° C. 

16 ’5 tops of MNT mixed acid were cooled clown from 41 *7° C. to 
30° C. in 46 minutes with the use of the coils. 

Heat given out byjhis quan- 
tity of acid - - - = i6'5 X 2,240 X o '46 X ii’V 

C.H.U. 


= 198,918 C.H.U. in 46 minutes. 

- approximately 259,500 C.H.U. per 

liQur. 

Fall in temperature due to 
radiation - - - - = 22,000 C.H.U. per hour. 

.’. Heal transferred to cooling 

*, water - - - - = (259,500 — 22,000) C.H.U. 

- 237,500 C.H.lX per hour? 


.!i.ui coil accohnts for - = 79,000 C.H.U. per hoyr. 

This result agrees with the first to within the limits of experimental 


or. 



I 9VELIM1NARY MIXING. 


The sjigimarised data /or lead coils maj' be tatcen as follows 

"■ ■■ * 4 * • - 
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Number of turns 


Dtaipeter ^ceci^re to cei^re^ - * ^ . 36 #in(|hes. 

Height of top turn froJb lx)ttom of mixei* (/.?., » 

, depth of ac/d Iiedbssary* to submwgfe co'ri* 

• • 46^nchei6. 

A • • * 

Aj^pt'oximft.tc sMrtace ol one Ict'icl T‘oil * • - "^70 scitis.re feet 

• * ’ ' • * ’ » » • , * 

•From alKwe, the average rate of dissipation of heat per lead coil 
s 78,25c/ C.H.U*, per Ifour. 

* " • 

Cooling ^-fficiency per st^utiju iuin sn suricue is inereioreapproxi- 
i&tely 1,120 C.H.U. per hour. ' ’ 


Thijj result applies"^ however, only to one partic ular temperature 
gradient between hot mixed acid and cooling water (the afverage 
l;einperature of the mixed acid in the above c'oulinff experiments was 
36® C^;, final temperature of cooling watei; was 20° C.). 

Hence, it may be as’^uiiied \\ ilh a fair amount of accuracy that if 
the temperature of the inixccKicId be kept at -36*^ C. during tl^e process 
dF evoh^ion of heat, then witji cooling water a^an initial tcjiiperT-ture 
Df 2® C. the loss of lieat per c'oil per hour \\ 4 )uld be 78,250 .C.H.LI, as 
shown. 


In summer, the average initial temperature of the cooling water 
iS 12® C. To secure llie same coolingeffect from the cipls it would be 
fiecessary to raise the permissible terfiperature of the# mixing acids 
to® C., i.e.y to 46® C. All the subscc]uent c'alcailations are on the basis 
■j{ a difference in temperature of 34® C. between the arid and" the 
:ooling» water. 

If 40° C. be taken as the permissible temperature, flie rate of loss 
3 f heat per c'oil-liour would be roughly 


78,^50 X (40 — 12) 
(46 - 12) 


C.HAJ., 


assuming that tjio ratjof loss of heat is proportional to the difference 
in temperature between the ac id and flic c;ooliiig water. 


The rate of loss of heat then bec:omes 64,440 C.H.U. per’ coil- 
:iour, reduction of 17 ’6 per cent., whic h is-substaijtial. 

(6) Steel coih,--ln order to arriv'i at thci data required, TNT 
nixed agid was cooled down in^a mixer provided with steel Voils. 
The results of the cfxperiment are tabulatecf overleaf. 

0 itym 
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i 

Time. 

i 

fremperati^ ’ 
of in^\ed acid. 

f 

. Final 

tekpetatHre of 
cooling water. 

• • • 


1 

V 

» 

Min. 

^C.‘ * 

•c. 

0 

44„-o 

^ , a6 


‘ 430 

. 26* 

•4 

42*5 

•25 C 

6 • 

^41*5 ' 

•l 24 • ^ 


40 5 ' 

24 

10 ** 

40*0 

« 23 4 

12 

39*0 

' 1^3 


«. 38 (j 

< 23 ( 

.It 

375 

22 

18* 

36*5 


20 

« < 

•36'o, . 

2r ' 

t- 

<• 


I 1 1 1 

Time. 


Tempenttm 
ti mixed a^;* 


• C. 

. 35*5, 
34*tf • 
» 3 di** 
c 33*5 
{ 33*0 ' 

3^:° 

31 * 5 . • 

«' 31 o 
. 30 * 5 ’ 

30 0 • 




,.fi«a i... 

dKttam m 


<8 

/ 17*8 
17-7 


lemperature 01 tne cooiing water cruciiug luc 

Hfeat given out by 18 tons of TNT mixed acid in cooling from 

AA° to 30° C. ' . < . 

s= j 8 X 2<'240 X 0*36 X 14 C.H.U. in 40 minutes.. 

= 304,819 C.H.U. per hour., • •' 

Heat lost by radiation from mixer. =4 22,000 C.H.U. per hoi^r. 

. Heat transferred to cooling water v ^ tt _ti. 

< • = (304,819-22,000) C.H.U. pel* hour. 

‘ = 282,819 C.H.U. per hour. 

Heat dissipated per coil-hour = = 70,700 C.HiU. per hour. 

Four steel (oils represent 320 square f6et of caoling surface. 

Hence, cooling power per sc^uare foot of surface 

= 880 C.H.U. per hour. 

■ C<mpanson of Steel and Lead Coils— The results obtained for the 
tWo tyhes pf coil are compared in the following table ; — 

Temperature* gradient approximately 36° - 2° C. 


Steel coils. 


Lead coils. 


1. C.H.U. removed per coil-hour - 

2. C.H.U. removed per square foot of surface 

per hour. ^ 

3! Rise of temperature of cooling \irater f mixed 
8icid ^ing at 36® C.) 

4. Consumption of water-per coil-hour - 


70,700 

880 

19® C. 

I • 7 tons 


78,250 

1,120 
n® C. 

, 3 2 tons 


Fot the respective sizes of the coils used in the above’ experiments, 
therefore, th^ total cooling capacity of a lead coil is about lo per cent , 
cieater than that of a steel coil. The chief reason for .this is the 
^qer internal diariieter of the latter, which seriously restricts the rate 
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throiigh the coil. IflPa4<l>tion to Uus, 4n the experiments 
'the flow was fnfthef reduced through wateruJbeing supplied 
. tip ;^e steel coils at a coosii^ably redficed pressure.* From the poiiA 
^<:tf view ol coolin^efHciency,%oWever,»steetc(»ilsare preferable to lead 
epils. The other factor whidi ^etermiftes the clSssiof^coil most suitable 
fctf, ttse that of wejir end tear. It is ^cy{ainJy*nol worth while 
I instiling ste^-cqil^mgrely as regards post, 'unless* tneir iife is at least 
thiidb times tha^o^ lead cftils. •I'Ue aver&gc life of the lead coils* is* 
about months, and ' it *is anticipated tlint* by careful working this 
periyi^aybe prolonged to five months, although it is doubtSul »h§th?r 
tUh fatter figure ban be exceeded. Three,coil? which were removed after 
five nfbnths’ constant use Jiad .worn dangerously thii\,,in plqpes, and 
^yere quite btyond, repair. It appears probable ‘that steel coils will 
prove the nfost economical for I'NT nyited acid, hut there ia \'hry fittle 
data oi^his point at present, ^.ead coils n»e undoubtedly preferable 
for MNT mixed acidc,p.nd in fact for cooling aity mix u\ilisfng.weak 
nitric acid. In the event of any sudden stoppage of the stiijrer whilst^ 
weak nitric acid is bein^ run into the mixer, steel coils are seriously 
attgicked at once, but lead c:oils resist attack raucli*more satisfactorily. 
Agadir, if through any reason {e.g., leakage of a cooling coil) the dilution 
OP MNT mixed acid, \yhich is already high, sliould exceed 20 per cent., 
corro^on of lead coils is comparatively sliglit, but steel coils maybe 
destroyed by a single exf)erience of this kind’. , , , 

Sreel cooling coils wen? successfully used *t 11. M. Factory, Gretna, 
in the nitroglycerine acid mixers. T' e coifs are constructed of drawn 
mild steel, ij to i| inches internal ^iamefer and to { inch in thickness, 
Each coil'hds 13 turns, and is supported at equal distances by four iron 
standards bolted together, 'I'he cooling surfac e of each coil is 9,750 
square inches and tfie total length j!^2o inches. The? coils stand 4 f^fit 
high and are 3 feet in diameter, with inlet and outlet protruding 
through the lid of the mixer leaving screen and socket for the connec- 
tion io the water main. Experience has shown it to be necess^y to 
jaciet Uiese coils where the inlet and outlet armsjirotrude throOgh the 
lid. Th is prevents fumes, which give rise to weak acid, from corrouin'g 
the coil. Coils which have “ holed ” at flie welds ar§ repaired by 
rewelding and jacketing in a similar rtianner,»r«Ufl steel jackets«being 
^used in each case. 

Causes and prevention of livar and tear of^ coiZs.— When the, plaint 
was first operated, in addition to wear and tear from legitimate causes, 
a certain amount of destruction of coils was directly attributable to one 
or more of the following causes ; — * * * 

(i) Faulty arrangement of the inlets of acid pipe- lines to rmxers.-^- 
* In many cases the incoming stream of ^id impinged directly 
cm to a coil, resulting in a rapid holin'g of the, 00^! at th^t, 
pofnt. Distribution of the acid inlets between .tlje four 
coils is preferable tp centrajising them iii^ one or two 
coils.* • • ... * 

^2) I,eakage of nitric aejd into, a mixes belovv the mixingjevel, or 
when the mixing ^ear was nqt operafing ;*failure to start^ 
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tlie stiiyer before tomm«ecing to nitric acid ;« failure of 
tile atirring gear throu*gh any oaule. These difficulties bavg 
been 4rgel^ ov^Atmie by’ dispensing with the friction 
clutphes origiaaUy installed, * aid allo^\wng the, stirfing 
^ear to qpeiate continuous!/. ,As previously mentioni^^. 
no mi3^er is liow allowed iff renj^in empty, and a charge 
of inSties bf' sulphuric acid is run in in>|npdi9,tel5ithe 
contents of the mixer havij bee* pu\npe(f,J</ the Jblepding 

t^nlc. < I • «| « . ** * * 1* * • '1 

(3), Bringing hot oteum into contact with the lf.ad coo!»ng*cpils.-r 
' ^Kiis is now avoided by*adding the oleum* las^,of all’tbe 
acids required for tlie_ mix. , , » 

M,entinn has also" been made of Smother feature of coil iriar Md 
tear,*viz.,' tlie lioling of coils oh«a level with the top of fhe mixing^ 
cylinder on the side of* tlie j’oils nehrest the Q'linder. An atteijipt has 
been made {o' prevent this by protecting coils at Uiis level with narrow 
strips of Iqi'ul'on the sides of the coils facing the^cylinder. • 

Cooltng capacit}i of mixing plant.— The total amount of heat to 
be dissipated per dav was shown on page 72 to be 38,000,000, C.4TU/ 

To remove lliis lieAt tlierh are seven preliminary rnixers, nv^. of 
which are provided with lead coils and two with^steel- coils. 

' Heat removed per luAir by five mixi^a each with four lcad»coils 
••= 2(5 X 83,750 t,675,o'oo C.H.II. . , . 

• Heat r(;moved jier hour by two mixers each with lour steel coils 

= 8 X 76,500*' - 6oc),6oo‘'C.H.U. u r r u n 

* Total lica^ remoVed per hour by seven mixers — 2,2o4>^pcj L/.n.U^ 

In order to cool the mixed acid required for yoo tons of TNT per 

week, therefore, J,he cods will be requireiii to work effectively for 
ib\ hours per day. This leavers hours to cover the “dead’' time of 
mixing, and it will allow one mixer at a time to be out of action for 
repair! Iiicidcmtally, this margin will just permit the maximum 
peicrris^ible temperature in summer to be kept as low as 40° C. 

* Water required fov cnoling ptirposei>, 

5 mixers ea('h with 4 lead coils 

require 3*2 x 4 - ’ water per hour. 

2 mixers fjj^ch \vitti44 steel (X)ils 

recjuire 1*7 X 2 X 4* - - = 13 »» »> 

'Total requirements per liour 

for 7 mixers - - - - -- 77*6 ton». 

Amount of water required i)cr 
, day 77*6 x i6i - - - — 1,280 

Assuming summer reiiuire- 
ments ' to b.e 20 per cent, 
itboyc thisx tonnage of water 
'./required per day - * - - 1,536 

■ .r ' ( ’ 1 -r. — - 

( ' * The figUies taken above for heat removed by each coil include 5»5^ C.H.U., 
which quartej* of tli^ tofal radiation doss from the surface of the mixer. 
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The 4“4ich inain installed can^liveriup to*i,'95o tons i^rfday, 
wlydi thus gives a margin o|gt];;K>^t 20o*tons per day. * 

Waier supply io prelimU^y tnixers. — tig. i8 gives* a general idea^ 
•f the arraiSgemdit OP the waleiistipply ^ipe% at the preliminary mixing 
A 4-inch main is run ttie/ull length of tl\e mixing house, and is 
^ clamped t# the main stanc hion at«a height o^9^eet g inches above the 
^ Hoot Jevet. Pr^n ^is main^ 2- inch branchy is taken^off a% each mixer* 
and is dbnrfec ted fti 2-iitch ring encircling the top of each tante 
^F'rom tbi5* ryig hiaifj l]t-inCh conhf^itlons, c#nt2t)llecl •by a gate 
valYe^ape made each cofJAhe water enterirjg*at the bot^can Jhe* 
,coif wheiicf it is«diswarged into a cast iron 

funnel at the top of £f 2-in('h stand uipe. Tilie discharge bting <4pen, it 
is .thus poss^)fe readily to adjust the flow of wa'ler to e4\ch tojU^to 
obtain the requisite cooling effec t.. I Japfour 2-inclfstaiid pi))es fit each 
mixer coiinec:t to a 3-in('li clkcharge ring niaii pouacl the tank, and this ^ 
in turn discharges into 41 gutter in th^ floor of the mixing* bofise and 
*tlience #way to the nearcjpt drain. The stand jiipes are ( leAtcd to the 
side of the tank, and the discharge ring mains are supported •t^ff the 
floopon Wooden chocks with straps over the pipes. 


ttLENDINC'i. 

Oedbral Anangoment of Bltoding Tanks* — IntyilSncling plaftt cop!?ists 
of four steel tanks, 20 feet diameter by ifB feet deep, supported < 3 n 
foundations of brick and steel. The acick from the jireliminary mix^ 
are#brougM lo the top of the mixing tanks by mc'uns of 4- inch mim 
steel pipes with 4- inch c ast iron plug-cocks inserted lo control the feed 
of acid into the tankS, tlie inain feedii^ the TNT tank^beiiig connec'ted 
to that serving the MNT Ijuiks, so that if necessary MN 3 ' acid may be 
blended in one of the TNT tanks. The disc jiarge from each tank is 
3 inebes in diameter, and is controlled by a 3-inch cast steer Qilinan 
valve. Immediately after passing the valve the discharge •pipft *18^ 
increases to 4 inches in diameter, and the TNT iw'fA discharges are led 
• into one 4-inch main and the MNT ac id into another 4-inch main. 
From these mains the acid is pumped •to stoi^igci;>by meAns of ^-inch 
motor-driven Douglas pumps. In the evc^nt of ;i breakdown of the 
j flumps the acid can be gravitated into oCither of -at wo blow-casks 
(Fig. 21) set in a pit outside the blending house, and by nieans of which 
the acid Ccin vbe blqy'ii .up into tlie storage tanks. I he walls of the 
pit are of brick, and are extended i foot above! ground level^ at tly; 
top to prevent surface drainage from gaining access thereto. The •pit* 
is covered with loose wood boarding as shown. ^ . 

*The building housing the plant consists of^^ main span, 26 feet 
wide by 73 long, which houses the mixing i?fnj<s, wijh g. lean-tbi 
span 10 feet wide by S4 feet 9 inches house the pumps.. The building 
' isof tiAber throughout and is provided, with woojien gangways over 
the tanks for giving access to inlet valves, ^&c.^ and ^with motor 
platforms? In the roof of the lean-to over the.^pumjps a 7 Mch by 
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44 ii:(|i rolled Steel ^olst is iiistailj^toserve « a tir(Me:jtoj^^^^ .. . 

for removing pubps when nece&ary, gi«db.baajS.!fC;^^ 

b6nt angles rolted to 4 he fafSejs or the lean*to rod. The pd{bp‘;hbuse 
\ 3 oor is of acid-dro<jf brick Jaid.in tar.ahftf/ifeclay, and tihe :flcx)i* lc^ 


of the bleadiftg house.is 6 inchgs above^ tjie siirrolahding 
and is paved in a sfbilar manner to the pump house. 

. * The general arrangement of one blendifig \anlc is shpW In Fig. 19, 

• pefli^ of Blending Tlsnlf^— TheJ)I«nder^s 2p feet diasnetec b^iS feet 
deep insidf., and is huilt U(> entirely of f-iitch steel pkites with double 
Riveted Iqp Joints, Ihelside plates being connected'to the bbttbjp plates 
^‘mcans'of a 5-inch*, by 5-inch by. g-iftch steel ‘angle (Figt So). 
The top iSj, encircled by a, 3|-incli ,by ^J-inch by J-inch angflo ring, 
and..^is prov,ided with a cover of |-iljch steel plates whidi arfe attached 
to *1116 angle ring by means of ,|-inch bolts. The cover Ts built up'^f 

• 12* radial plates A^i/h .sipgle-rivhtecj lap joints, and a central plate, 
7 fe;pt in di^tnieter, in the centre of which is a ^hole 3 feet inches in 
diameter ‘The cover is provided with an internal drip ring* formed 

• by a i|-inch by 2j-incl\ by T|®g-inch angle Viveted on, and with a 
15- inch diameter manhole frame and cover. The manhole fraipe, wj|iich 
is of cast iron, is made with, a recess about 2| inches detep in which 
rests a cover of J-inclf steel j)lale. The recess^is filled with sulpluiric 
acid which forms a seal, so that moistujre^hall not obtain acces^to the 
tank. lii,addition iq, the ‘above, each cover is provided with two 5j-inch 
openings for admitting, the pipes su[)pl}^ng 98‘6 per cent, sillphuric 
acid and 20 per cent, oleufn, and one 6j-inch opening for the admission 

the mixed acid pipe. One,?nild s,tccl patch for the connection of an 
air vent pi]jc*is also provided The tank is fitted with a 3-ftich boKom 
discharge closed by a rcgulus metal plug-vplve. 

Agitation oif the contents the blender is elTected by means of a 
propeller working within a cast iron chamber, as in the preliminary 
mixijr. .The propeller .is attached to a vertical shaft 2\ inches in 
dianieter, the lower end of which works in a footstep bearing, whilst 
the upper epd jiasses through the tank cover and revolves in a cast iron 
^e'aring attached to* the cast iron plate closing the central aperture of 
the tank cover. The we'ight of the shaft, ^fec., is carried by a ball 
thrust washer jilacetl ur.mediately above the top bearing, a split grip 
collar being placed on^the shaft immediately above this washer. 
setting the shall ih position, cure must be taken that the shaft is 
•supported on the thrust, washer and not on the footstep bearing. The 
shaft is rotated by means of a keyed-on pL\lley,t27 inc 4 i diameter by 

inch face, this giving a speec^ of 150 r.p.m. to the shaft. An oil drip 
tr&y is clamped to the shaft immediately below the top bearing, and in 
I, this tray is caught any oil which leaks from the bearing. |n order tc 
prevent moist air fr^in entering the tank the opening "through Which 
file shaft presses tljrfiugh the btnk cover is provided with* an acid seal 
consisting of a cast iron bell attached to the shaft, which rotates in 
sulphuric aci^ contained in, a re<'eptacle formed in the covA’. The 
mixing prqp&ler k 214 inches diameter by 30 inches pitch, and the 
chamkw in which* it works is 2 feet 2 inch^ inside diameter by^ feet 

f • 1 . 











from the taal^JjjttoA bjuoaeaiw pf .three feigle 
the lower ad^ of (the char^l^er is .12 inc]^ above ^ 
Just ^bove the of th^tAiamlfer is Ivttea a disrupter^ 
twiistteii 3*inc;h|\)v f-im'h»tlah bdrs nipjied ,to the shafft 
TN|E5 distobti^. serves to* breait up tWs cote of.J^uid lift&l by the 
prbpelfer,,mus.causlhga^b^ter ifuxing effect. • • 

Detdil§ of ^huib^cask fon mtx^d jftctU. blow -cask (Fig. 2x) 
is 4 jtiriche^ df^aiiiter# by 19 feel .long, jlikI is byill iijj of f-inch 
mild steR plfites as tf:) the gh^ll, and* j J-incn plateS as to tho^en^, tfm 
lattei:*bflirig fjf essid out spherical to ^radius ofj4 feet 6 inchesl^ Qrcilm- 
ferentiai jointspare syigle-riveted, and lortgitu^dinal joints are double- 
riveted, %II rivets being finch ^ijimcter and inches*l)itcli.* liach 
blow-cask is# fitted witli a cast steel manhole fjiune ana covert Vwo 
4»inch diameter inlet stools, two*4f «ifoh diameljr*outlet stools, and 
one i-incb diameter air inlet stO(?l, aJI stools fieing of cast s^el with 
machingd faces. * • 


ProoeMM occurriiig in the Blending Tanks. — Tl^se are four in 
numi^er ^ 

(1) Mixing a bulk of from 120 t?o 150110ns of ac id, most of 

which previously passed through the preliminary 
mixers, in ord«r ^to obtain aVinixetl ac'icl of uniform 
c'omposition. 

(2) Doping this mixture to sec ure a Wenci me anaiysys 01 wnjch 

falls within the given spec'ific'ation. 

(3) IJevelopiiient of a c'ertain ahd st)melimes considerable amoiJlTt 

of heat. 

(4) Loss of liefit by i^cliation, supplementary tc^ that lost in the 

preliminary mixers. 


Mixing , — Two methods of mixing are avattable : — 

\a) By means of a larger propeller and impeller of th^ sAme 
type as tlicjse employed in the preliaiin^ry nlixers. THiti 
toj) of the mixing c^ylinder is 6 feet from the bottom 6j 
the' blender, so that it is not Jiogs^jle to Inix, by^ this 
method, a blend of less tlian 6 feet in’deplli. 

(fc) By means of compressed air issuipg rfroiv a merles of holes in 
a c:ircular c'oil resting cm the bottom of llic', bUmder. 

Experienc'g has showruthat the former mellfod is quite cideauate in 
itself ; supplementary mixing by means of c'ompresse.d air, aitliougb 
resorted to regularly at one time, has prdved to be wliolly unntVessafy, 
This does not mean, however, that the c*omi)resed-air installa^on ii^ 
altqjjfether superfluous, for upon occasion, allhougti •rarely, the ordinary 
mixing gear has been out of aedion, and c:ompresseci air alone has Ihe^ 
been employed as a flieans of mixjng, proving quite Idtisfactory. 
Gompregsed air is also useful in mixiner when tlie deoth of the acaia in a 
blender is below 6 feet. 

IJh® needed to mi?j satisfa-cdorily ^ blend ftf tao^Io r<o tnns 

using air agitation is about 4(^ minutes. 
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TrifeORY ANp PRACTICE*OF Atl^D MIXI&G. 

* ® Time Yequiye<]^j&v tkovough^mixing. 

Experinftnt ai\ci ^trial have sjiown half-an-hour to be the 

minimum safe tiYne for the attainment C)fc*iyiiformity of composition by 
of mechanical agitation^as indic^tld by repeated aiialys^ aft|^i 
L'ontinuous mixing and periodical ^ sampling. As former .prac^e^ 
prescribed mixing* for •at least two hou^s &nd evenjionger it time * 
{jermittfed, trie reduction ©f fhis period# to 4ialf Sii-jftour ^Has Aaved 
rj hours in th^ timej, cycle for a c*omplete/blentl,*pr three hours if 
fc!ie for mixirfg«aftel doping is takep into^ account. .The time 

recfuirM hd' obtain a uniform mi:]fture is ci^bviously ^ fuijctioh of^the 
Lime taken tcj sec'ure a ('omptetc circulation of the acid«in the blender, ^ 

pCelimmary m*ixers. • Theit is the 
lifKren^e, however, that in the blenders there 'is no throttling of the 
'ircjulation due to (he presence AffC'oits. • 

Ttim required for complete circulation of acid in the blender, . 

:ohsidering the case of a blend of 9 feet of TNT mixed acid : - 


18 iiK:hl?is. 
24 

145 r.p.m. 


Volume of a('id^ina blender 20 feet in diameter = - x^(io)**X g 

= approximately 2,830 cubic feet. ' 

Diameter of propeller - . • u - 

Pif('h of ])r()peWor 

Speed of stirrer * •- . . 

Volume (if acid rai|Sed .pgr minute --- x (cj)' x 24 x 145 

1 •* ■ 1 7 • « ''' 

cubic inclics =- approximately 886,000 cubii- inches. 

Allowing, 10 percent, for slip,- viz. ='88,6oo'ciibi(: inclics. 

Actual volume lifted perfninute — 797,400 cubic im lies. 

. Time for complete circulation is ^ 1,728 ^6^1 _ 

. , • . . ^ 797,4ih> 

• • sec onds, or approximately 6 minutes. * 

poping, 1 he method of cak'ulating dopes was dealt with at ^ 
considerable Jenglli in Section 2, and llie present treatmemt of , the 
subject is only conc'drnefi with the actual proc ess invc^lved. Successful 
doping obviously depenjls upon : - 

(i) Reliable sampling. 

* (2) Reliable analysis. 

(3) Careful measurement of the dips ol* the*, faigin.^l blend and of 
. the dojie. , 

^(4) Correct estimation of the strengths of tfie ac'ids used. 

There* is ()ne finther soun^e of error. Dopes are usually measured 
111 a preliminary mixer, and, even as'iuming that the d(6|)e itself has 
:)een prdfierty nuicSe, if is not a foregone c'onc'lus^on that* the dope will 
dym^i^reac'h (he blender in the same form or amount as madg in the 
mixer. In IIk' Inst pl^ce, th^e is alw^iys a chanc'e ofrthe outlet valves 
of other miJ:er 5 allowing acid to pass from them into the c*onj[iiion main 
to bleiKiers duiyug tiie time in which the* dope is being pumped to a 
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blender firfbi the mixer in ‘which it ilnfade* To guard against it 
is^ necessary to test these •\r£flves reguk^lj^ an^ systematically. The 
practice is to test them evei^^time a mi^ 1$ made by noting any vari^*' 
^on i« thfl^leve>of acief tngedcli mi^er during^ every period whgn the 
# j^lk of. acid remains statiwiajy. Ttiis occins i»v'hen the* sulphuric: 
charge erf 344 inches k> awaiting the addjtipn *nitric acid; 
•again, wheite^r the i^fJdition of nitric' ojf othe» *ac‘id ♦s stqpped to 
allow the*mix M*c#ol eUwn: name observation of level se&ves to 

► test the#^ujidn^ss (jf coils a^nd inlet Valvei^,®fflulUi iH either of which 
would gause a rise in level* other error clue to the rgjidiial jc'io 
^ in* the^pip^-^yie netwe^en mixer aiftl bUndep, whi(ii is seldcnn of the 
same ceynpositiem an the dope, il'he maxiiiiuni error du^to thi<i*('ausc 
is here calciyfited for the case of^he mixer situaled fartl^est freyn^the 
blending tanks. « ^ ® ^ 

Bett^^ecn this mixer and the blenders thore^isfi lengthjof 18 feel ol 
3-inch pipe and i 544eet of 4-inch pipe. Reckoning acid n# gravity 
T*830,^hese pipes ('ontajn 0*73 ton of ac'id. The usual dofe being one 
of sulphuric acid, tlu* principal iTsultanl error whrn tlie pi]>e Ts full o! 
mixed acid will be in the HNO3 content of the* blend. 

* ^The maximum HNO^ content of mixed at‘i|i in the line is abou 
3^ per C'ent., and tlu* IINXh ('ontained in 0*73 ton •^f mixed aci( 
‘containing 32 fxT cent, (-)f vvill be o' 24 ton. • 

T|).king th(‘ average liiial tonnage of a bltnuUis 160 tons^^the HNi 3 

of this blend, instead <»f being (orree t. wouletbe too high l)y . - 

, /.e.. o* 15 per ('enl. ♦ • 0 • 

Thisis w(il within llie specific'ation limits allow(‘d Tor tlu' inixe 
acid. • • • 

Development of heat. Heat will developed in Tk(‘ blending tan 
wlieneviM’ doping is (‘arri<Hl out. It is wt'.ll {oJ)(Mjuit(‘ clear as to th 
extc'nt of tills heating, and it can be realiscHl inosl clearl\ by e’xpressin 
it as a icsnllaiil rise in U'mpdratnre. • • . * . 

'I'ltc^ following iignres w^n* obtained exf)er<>meytallf by mixin 
75CJC.C. of rN'l' mi\(‘d a('id wdth (|nantitirs of oleum, uS*(» ])er c-en 
snlphuri(* acid, and Cjo per ci'iit. sulphuric a^id, ^jqni valent to lo-to 
dopes to a blend of 150 Ions 

l)()|>e. . • , Riae in lemperalur 

* • 

10 tons of oleum ^ - 5'7 

10 tons of gf^O per cent sul]>liuric acid - - - I’o 

10 tons of 90 per cent, sulpluirieiu id - - - O’l 

Since a sulphuric dojje is usually measured in a mixer apd the 
ad^ed to'the.blend, the rises of temperature indicated actually tat 
place in Ihetmixed acid in the blender. Tlie unde^jirability of treatin 
oleum dopes ih this w:ty is clear, and, as a general rule, th<^«t^ avoids 
by ainpng at an initial dilution slightly on the low side. If.dn aii 
account a large, oleum dope jo loift or sp is* rec^mred, the kei 
developed nfusi be removed. ^ This jian be effected by pumping^pprtioi 
of thetblend back to the preliminary mixers and altlding the dope ther 
the mixture buing cooled aown before* being pumped back «lo* tl 
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blender. It is a safe policy aev«r'6b pumg run direct to ti bten<|w 
any acid contfiinin^ frge SO^, * * ' 

A similar experifnenx^was conducted iif fhe case o/ MNT mixed '^d, 
but in this case the anjount# wefe calculated for a blend of ifto tdns. ^ 
©ope. Rise in temperature. • 


• t 


f. 


ip tons of oleum 
10 tons of 98*6 per cent, sulphuric aeij^ ‘ 
10 tons of 90 fei: cent, sulphuric aci<J 


. « 


10*2 

iV 


K <s SliU more neces^sary, therefore, in l!lie case erf this variety ,,of 
mixed acid, to add an oleum dope fo portions of the blend 'retu^nha to 
the mixers 

♦ 

/ ‘ ^ I, OSS of heat through radiatidn. 

t ‘'Up to mv. licis been possible tv.# aa.tisiftctory 

determinations of this quantity. by direct measurement, pWtly on 
account of Uhe diili('ulty of measuring the temperature of the acid in thei 
‘•blenders Ivith sufficient accuracy. A rough measure of this loss may be 
obtained, however^ by assuming the radiation loss per square^ £ooj of 
blender surface to be of the same order as that obtaining roi a mixer.* 
For mixed acid d\ a temperature of 42? C., the atmosplie*rtc 
temperature being 2® C. : — * , ‘ « 

, cLoss »f heat per aquare foot of surface^ per hour = 68*9 C.HcU, 

, Fbr mixed acid at* a^ temperature c)f 30® C., the atmospheric 
temperature being 12® C, : — 

‘^Loss of heat pel* hour per square •foot will be approxima^tely— 

68-9 X (30 - 12) p „ rr 

(42-2) ^ 

Assuming that the radiatin^surface of the blender is 1,350 square 
feet, the loss of )ie;it by radiation per hour will be approximately 
42,000 C.H.U. . . 

^ Taking the weight of a blend of TNT mixed acid as 150 tons, and 
its Specific heat at o’ 56, then — 

Heat lost, by this acid falling 1° C. 

. = i30tX‘ 2,240 X 0-36 = 120,960 C.H.U. 

.’. Fall in temperature per hour due to this radiation loss 
• « ' . 


42,000 


0 - 35 ° C. 


• 120,960 

This is under average conditions and gives'* some* idea of the 
‘^fJTSfiible cooling whicli the mixed acid may undergo during its transit 
from the blending tanks to the nitrating houses, a period of about 
t'liree days. ^,1- . • ^ 

‘ Physical behavion&of mixed Acids at low tempentnns. — Some^experiments 
Vcrc cjirfkd Y)ut af H.M. Factory* Oldbury, in order to determine the 
pliysicfil, behaviour of various mixed acids when the temperature is 
lowered to abwut — •30'iC. I'tie resulfs showed that 'acids containing . 
*iess th^n 70 ijer'ceitt. of and ,10 pei; tent, of HNO, cani>e cvioled 

down to — 30° C. w'Mhout solidification .taking place, whereas^* acids 
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cqptainirif , 75 per cent. of 1 to 10 p<?rcent. of HNO,' 

gradually tfe»cken and becofne solid as tli# •(son(■P^>t^ation(^of the HNO, 

IS ill^fiased t^r thft_’f<»mnprniifi #^ loxtrAsrA^ • 


SToRA(i^ FOR •Fresh Mixed Aci6s^ 

Storage Saaks, •ftc^ 1 m shows tho general 
\aiiaii^ment orthf^storjfge ijuik#f(fr TNT and MN'K mixed acjds tit * 
QneiBn^aPPeyy. •Tl»t tanks ?]re erected on supports, with a 

indies^aVay fr^ni the discharge ^nd of the tan’-is so 
slfldge^may^Sjf drq^w'n off when nt^ceJsarv^> The l>rick\vork supports are 
constricted^ of goori hard •burned Inlck?^ laid in cem<?r\t, tho,;Upper 
.courses in cfntact wdlk the tanks 'being acid-pn)bf. Fn^m t]iej)^ick* 
forming -the supports of ono#of the Ixyiks o^tanks wing \valls^ are 
built ou^to support the floor ( arr^ing^the piijnps. >The groynd betweeif 
*ihe1^rickwork mid fonw distance of rfboul lO feet all round it>is co^^'cred 
with a?nd-prooi bricks laid in tar and fireclay, the surface beijig sloped 
to permit of drainage. The level of this floor is made to be* at leasF 
9 iiiche^above the surrounding ground level. * . 

^ ^Th^ tanks are erected in two banks of six tanks, eacli with a spat'e 
-between the ends of tlic tanks of about 6 feet, ?be low or ^sludge outlet^ 
^ds teing brought togethcir, •thus permitting all sludge to be takers 
aw^ay from a single alley-way. A idatform *is cijerted ujion^the jvajls 
a^bve this alley-way givin^^ access# to the ^)^erflow pipes find Sluice 
plug-valve gear, airess to this platform being gained by H gangway 
Ifl^er two of the tanks. At the diw hargi' end of» the bank of lante 
rerftote from 'the pumping plant aplatforVi is ere<'ted wliiMi gives access 
to the disc'hatgc va4ves, find this platform is reached by means of *a 
steel ladder from Ih^ ground level. Above this is ^r^'cled a phitform 
giving access to the inlet pijiing to Uiis bank of tanks. The latter 
platform is lead-('Overcd so as to form a tray tb ('ollect any djips which 
.may fell from the feed valvcjj^and joints. At the pumping plant eud a 
gangt\gciy is ere<'ted over the tanks wfliic'li gives a('( css to the fc.^d 
as shown. • ^ * 

The pumping plant, wliich is housed in ('onipletely 1)y a wooden- 
building, consists of a set of Douglas puAi^s, each direct coupled 
an electric motor. Three 4 ft. 6 in. diameter by rq ft. long blow^ 
('asks 'are installed in case of failure ofttbe ^umps.' 

' * The fn^sb TNT mixed acid is pumped from the 20 feet by t2 feet 
blendiag tanWs iritt)* a 3^in('b mild steel main whic h pasi)es over the 
S^rd.ge tanks holding TNT ac'id, and js disc harged into eillier ofpthd 
^taTtiks as required, a cast iron gland c'oek controlling the supply to each. 
The discharge from each of the tanks is led into .a conimon 3-inHi stoel 
m&in, each fdisc'harge being controlled b^ a plu^ valve in the tank 
itself and a 3»in('h c ast steel valve outside the tank. Frpip ^his main 
3-inch branches arc taken to two 3-inWi Douglas pumps,^ the discharges 
of which are c'oupled togcthei^ and connected to Jhe main pipe line 
to nitfatiem* houses ; valves arp provide^ ^on )both -’SUc'tioT^ ,aiid 
delii%ies^ so that one pump ftiay be operative an^ the other a Asserve. 
A connection f«)m the branch supplying one of the^punips is take^ 
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down to one of the blow casks sitilLted bellow the pump platform, syid 
the blow-cask dischasge is ‘ oonnected t6 iSie common discharge from 
t^.e pumps. Thus, for ^uj)plyii/g TNT inlj^d acid to, the nitratdrs -there 
is one pump" working, ond pijjnp in ^esclve, andcofie blaw-cfisk ion 
reserve. The arr^n|;ement of piping,^ piSmps, and blow-casks for tfiife' 
fresh MNT mixed ijrdd is /exactly similar to that described <aboye for 
, TNT acM. ‘ ' r ■ , . ‘ r* r ' *’ 

Details d Storage, Ta&kt for mhced Acid. Fig. 23/gi\7is the, 4 *?i^ils 
tfie'cyl.iiifhical sli'cl ta'nks 'used for storirig. the fresh inixhd nitrating 
acids. Each lank consist of Ji stee,l boiler shell lank, ^ fee^rtliamefercby 
30 feet long, built up of g-inch plates with, siiigh- riyeted jhints through- 
out., One eud'plate'is llauged and n^’eted to the slicll plate, whilst the 
other end plate is attached to a 3.' -inch by 32-inch by 5-inch angle 
■which is riveted to'tke outside ol'fthc'shell. IDach tank it fitted with'k 
J-inch g^lJge-glass, air verit pipe, Ac.' ^ ' 

Distriiution of Acids. 


' t Arrangement of Acid Pipe-lines. Six mild steel ])ipes are. l(jd from'^ttie 
mixing plant, four 2-iiv li and one j-iiu li ])ipe to the MNT sedion, and 
lone 4-in('li p‘i )(‘ to the TNT section. Tliesc pipes arci supported on 
\kooden trestles graded in height so tlidt they have a imifoini' fall m 
approxintately i in 550^ Ironi the steel mixers. These pijre-lines are 
provided with flangiul jbh.ts spaced about 300 feet apart, the inter- 
^nedCate joints being made with ordinary screwed sockets; expansion, 
bends are introduced at distan' es of approximately 600 fom. ..2 

The 2- inch lead spent acid jiipes from the KlNT aiulTNT jdants' 
are carried on the same trestles which carry the iresh acid pipes, and 
are lard so that they have a uciforin fall of i in 750 to the spent acid 
tanks adjacent to tiie denitration jilant. 


i Details of Trestles for Acid Pipe-lines. --T,he trestles are of timbe'-, and 
• consist of 4-;inch by 4-iuch posts toe-nailed to a b-iiu h by 4-inch sill 
■resting on a <lry bricK foundation as shown in I' ig. 24. The caps are 
6 inches by 4 inches, and the bracings to tlic main posts arc 4 inches by 
2 inohes, and are spiked' on. The trestles are spaced 15 feel centre to 
Ventre, and G-inch by 3- inch joists are laid longiludiiiallv across the 
caps, to which is naiied 2-iiicliopen boarding upon which tiie pipe-lino* 
are laid. Immediately below the cap of each trestle two G-inch by 
3-inch timbers are nailed to the posts. These projsi't on* one side 2 feel 
*4 inches beyond tlic cap, and have a 4-inch by 4-iiich strut toed into 
'the post te) stiffen the outer end of the 6-inc;h bj 3-incli timbers. On 
'this cantilever projection a 2-inch decking is carried op 6-inch by 
3-inch longitudinal 'joists, formin 4 a walking platform for .<he examina- 
» tion of ,thq, pipes,' the outer side of which is fitted with a wooden 
handrail. When the trestles har/e to carry in addition the spent acid, 
MNT, aiid. toluene pipes, extensions to tlie trestles are made as s'nown in 
,Fi'g.. 24 . , ■ ^ 

Tht trestles ar^ graded from' one Cnd of the site to'thfe other, in 
(Uci'ordaqce witb^ the jjarticulars contained' in the precefling paragraph. 
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Side of i Pump. * 
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of Slot 
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<mi- Q - ' , . - . 

tht actd patssa mainly mtougit holes in die dhoks. 


A, 






* IMPELLER -SLOCJC^ B, about to enter slot ONE-THIRD of a revolution compteiedt 
J. teavino Block A. free to expell acid fom , position of slots in drum reversed. 

* circulating xzhanne! to outteL * ♦ 


25 . 
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« Aeidfomps.— The ty|)e nj punifr yrigiftally iusfalled at tlie fixing 
plant was the Douglas, ah(| these pump% have l^n alm\|st universally 
used*^t* Queen’s ferry wltPte the pumping (i stloiig nfixetl acid*,js 
^conoCTnetl% 

The' working of the D^j§^s pump is mad^ »iuite clear by the 
• ,ac'co*jpanyyig. diagjarfl. fig. ‘ 25 . Tins shaAv's -tSiat tfeere ,are t^o 
circui^lfbfis ,o 84 |«i<t in fljeinimpu' • - • . 

/ rtM ... ^ 


is rectapguTar in as^ tjie acid j)assmg 

is'impelledTy tli« blg^sattaciied iN the jrftf^Her, 

whp^xactly Ilf the GiiT/ss-secttorV' of^e channel. * 

( 6 ) Th^^B^fuibr circulation a^ul intHie“^lruni '' oj Uie pwmff 
' This; ?icls •|)riiuarily as a valve to *shuf off tha •iilot 'and 

outlet of the i)unip from eac h other, Snd at the 
it provides a means of securing the return of the impel^ 
blocks from the outlet to the suc'tion sine of the puinp;i»i ‘ ^ 

- • For each rcvoAitioii of the impeller llic‘ chum makes rfeyblution 
qnd j^half. Iduring eac h seyii-rotation of the drum the slot in the' 
upperlx)silion c'arries acid tfcross from the syction tc.) outlet ^ide, where 
one of the impeller bloc'ks enters tl^ slot an^ex'Jxds its own voli*ftie*oi 
acid therefrom. \ 

, . The acid is c^xpcdlc^l from the slot of the drum* just at the momedt 
wlTcn the Al 5 \v of ac ifi through till' pumi> outlet would otherwise be 
broken. The result 5 s=that the Douglas ininip gives a continuous flow 
of arid, and, allliougli the stream is q,ol (piile steafly, it rtevef stops 
altogetlicM. • ^ ^ 

liflicicncy of li^orkinii^. -'Vhc' c'irc idatiou channel only eXttmd^ for 
two-thirds of the total c ir^iimfercnc'e of the puiup. Assunpqjgn ij to 
be extended througlu^ut the whole cin u inference, tiJ. iB ( viclenl that tiH 
total amount of ac id pumiied cluriiig each revcilution cj< the impelto 
(provided that no leakage back cjc cairs) is ,^eqfia,‘*to tlic' volunje cjJ this 
complete circulation channel. ^ • 

Tlieacid . anied round bv thcfe slots in ifie drum just cqpipen- 
sates for the space ^takeii u]) in thef c irculation channel bv the thfl.'C 
impeller blocl^. * ^ ^ * 


^^-inclt Pump. 

Assumiiig a perfec t fit in all the aniofciW cjf ac*id shifted by c 

3-inclv Douglas pump ^an be arrived i >t as follows ^ ^ 

ftuter diameter of ('irculation channel - - %= I4|^inches. 

.Inner diameter of cMrc ul«ij.ic.>n chanriel * ^ *94 » < 

Meau diameter of c'ircuJatiuniLhannel^ -• *• 
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a “ f ^ ^ ^ 

. Width ,<if circulation chaiwiS - -- inches. 

Deptlwoi purap».(froitt to back) = * 4% „ 

Speecf of kni^llel't *■- - == ^r.p.m. , 

• VoJiimfc of ciro/ilatiofi clfeniiel =13^4x6 X x 4->f'2f cf""'' 1 
, ^ inches. 

^ K» *=« 384 -8 cubic inches. 

Tbtal volume 'pumped peT hou{ = 3§4‘8 cubic iiyhes 

* , » V t \ = 1,^31,600 crabip inches. 

t , '■<<'( = cubif-. feei. « ■** ’ 

» ' Cdl responding wejcht of water = 27 ‘9 tons p^Ahour^ 

Actual measurements have sfiown tfiat the^maxirilur« i«iiuaKc 
whirlfa 3-inrMi Jiouglas pump shifty i1s 47 tons of mixed add bf^specinc 
gravity 'i' 835. This truant ity corresponds to 25 '6 tons of water, so 
that the initial efficiency of tHk pump is about QX per cent, of ils 
calc.iilatg*^ value. ‘ . * 


9f .inches. * 
Si' „ . 

? T 

3 :i . 

xoo r.p.m. 


2 -tnch Pump. 

Outer diameter of circulation channel - . - 

Inner „ t ,, „ : h . 

Mean"* „ „ „ - . 

Width ,, 0 . . 

DSpth of pump ^ 

Spged of impeller" ' - . 

Volume of circulation channel = 3 *1^x6 x 7f x 3 *x 2 cubic 
, ‘ , ' in^hfis. ' « 

= X4O'0 pubic inch. 

Total volyme pumped per hour = f46'o x 100 x 60 cubic; in. 

* * r — 876,000 cubic inches. 

— 507 cubic feet. 

^ C6rresponding weight of water = I4‘2 tons. 

, . 'Actual i measurements Irnve shown tl^iat the maximum anvount of 
acid shifted by A irSw 2-ixK;h Douglas pump is about 21 tons of acid of 
specific gravity i’8;j5, wliic-h c'orresponds to ii’4 tons of water. A 
newr 2-inch pump has, \herefore, an efliciency of slightly more than 

'80 per cent. . 

c , , 

'he makers’ specifications fl>r these pumps are : — 

(o)(for the 3-inch ^mmp 5,000 gallons ' fier hour, which is 
' . equivalent to 22-3 tons of water per hour. 

For the 2 inch pump 2,100 gallons per hour, which is 
equivalent to ^9'4 tons of water per hour. 


, Roth types-o'fpump, therefc/e, when new, considerably exceed their* 
specified cdpacilies. ' V 

, 'fliesp raies ot pqmpin^'seem to«J?e fairly well ijiaint^ined during 
the *first , ;rfomh bf continuous \t orkilig. As the efficienqjes the *’ 
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^5 find 12 ^t)ns peHypur I'espei-tiveljf, tvrp pun^s are 
t^ed together ; the deliveijr Wnes are' of^ample.size to*fillow of this 
the followme table arrfset oyi soine* interesting dttba 
in c^neciiqn wi«i«the o[t®^ifln of J>)»glas pumps at tfee imxin*g 

'it» pk«it :-r * - 


m 

I^QM OgERATJON OF DaU^LAS •f’UMPSf:* 


^)nty of puoip 


-Ic 

jf| <'|c 

• 5 f I 

tMC'^ (0 2S,-" 

£:§ IS a ' ^ 


! w I 

I 

I ^ 


-I 

° "S |l 

i.s «l^i^ 
-• liJs 


3 -iiy» Tfel T mixed acid fntm ; 

mixers to blenders. i 

,1 MNT mixed acid from | 

mixers to blenders. 

TNT mixed acid from | 

% bkiiders i 

MN' 1 ' mixed t acid from 
blenders to storage. 

^TNT niTxed acid frorr^ ' 

# sjtorage to nitration 

• houses. 

2-inch MNT mixed acid from . 

storage to MNT section. 

n 93 cent, sulph^c acid 

• for ^tort lerfl from 

mixer to ston^e. # 

„ go per rent, suliilmric acid 

from Gail lard concen- 
trators to,iStorage. 

If 90 c^'iit. sulphuric acid 

• from storage to Grille^ 
oleum plant. 


5 , 2,400 


\n 


17.500 ' 
i 5 . 8 c» 
6j 20 fi£ 
1C) 15,800 


2g Uio'o 


6 I9,8c«> • 


•iq I^,8{)0 , 

5 13,000 


n 1 5.500 


*6 30,000 


The conditions which are essential for ^><><4 w'orking cfTiciencies 


appear to be as follows : — 

(o) Cool acid : 32° C. to be a maxinium.tchiperalifre. 

(b) Constant use : to prevent tendincy to seize. 

(c) The sufi])lv aftd delivery pip^ sliould be of suflicisnl size to 

reduce friction to a minimum and to avoid any tTfrottlim 
effect ; e.g., a 2-inch Douglas* imm|) having a 2j-inch outle 
sljould be fitted witli 3-inch supply and delivery pipes* • 


■ . friction^n the suction pipe causeA a loss of i)(4W>m: and increase 
the tendemy for leakag^ of air througlitioints and glands.'-Krlbtion ii 
the delivery pipe is a wcastcof energy, and n cause of leaking joiBts*botl 
ip pipes and pump glands. /yH 3-hHh piimjisA tlfrefoR-, me ^tt« 
withn-incii deliveries and 2-i/ch philips wkh ’never le?s Uiaji 3*>ncl 
^eliv^es. The life of the numps on the plaijt for^mixing retor 



go 
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sulphi.i CXl^iU has oeen incneased at least 25 per cent, 
a 2-iilch by &| 4 -inch delivery pifie. ' ' c‘ * 

, / • ’* * • y # ’ 

•* Effective life*oj punffes. — ^Tlois is ju^ged*^l)y eilliecr(fl) thefred^btion 

ot thj; quantity pump^ to a* ridfculouslyclo^ figure, K>[\b) tlpe corrosion 0. 
or cracking of some'Vitiil narl of the noirfb. nartinilarlv the imnplleM>r^* 
the case. 

, t 

t Much t 

the pfimp ( . . . IS o 

tllfeugl^ tlial strcn^ilieni'nj^ would be ne'(!v^ssary. "Since* fhe'acid has 
beeh cooled down t«. Q, hqwever, nc) instance ofvttraclviiig /^>as 
occurred ; and^ further, durhig tjie month .of December, tgiy, nO i)ump “• 
repaid, of arrj sort were necessary in^the mixing house. ^ 

^ . There is a maj;ke(l difference, in the effective lives of similar pumps 

'dealing jvith differtf'tit '.-ujids, o 7 witli tiic same acids at. different 
tempsra'iurfs. 


.(a) YNT mixed acid (79’5 H^SO^; lyS UNOj! 2*7 Hfi), if 
oumped at a tcmipdrature above about 32® C., causes either the im])eller 
or the shafting of the pump to seize very readily. ■ This usuallj^puts Jhe 
pump out ptaction un\il it hhs been overhauled and skimmed. 

Whilst a 3-inch Dopglas pump 'was in use at H.M. /'actiJty, 
GldUury,' it was noti( td ^that the castings increased slightly in size, it 
bkdng nec.essary to case thfe worl<in|; parts periodicjilly. This continued 
for about 5 months, and then in one week tl^e castings dec'reased so 
much that it. was necessary tp insfal a new pump. The jpractice a/ten* 
waids adopted was to machine off inc h froiq the working parts of 
the pump as delp'cre.d by the maker. It vvas found that the working 
parts then increased in size sufficiently for satisfactory working. The 
pumps sc'ize ver)' soon . if this is not done. This precaution is only 
necessary-in the case of pumps used in connec tion with TNT mixed 

^ 

' (6) MSiTmixe/ acid {b 2 H,SO,; 21 HNO^; 17 //^O) has given no 

trouble. Tlve 2-incli ])uiiips used for delivering acid from the mixing 
plaint to the MNT "Section have needed practically no overhauling 
.whatever. 

% 

(c) 90 per sill plume (tcid. — Oupf^n's Kerrv PX|)fTienre indicated J 
that lli(' J)()iiglas ])iiinps in uscuvp.rp attacked most by this variety of 
a(‘.id. Thkn a^min a]>])ears to bc^largclyj (iriestfafi of temperature, as 
tlu’ life f)f tltc 2>in<'h ])uiiips iisfd to deliver 90 ])er pent, sulphuric acid 
45*^ C. Irom the concentration plant to storage ]s less than half that 
itf th6se delivering the same acid at 29° C. from storage to the oleum 
plant. - f ^ / 
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some 4^taijs* regarding the' cost of |)um]>ing. 
eKclusivP' ‘ pt the# moiintenSnce of elcetric 
labour fh^rgei involved therein. 
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The costs, ^.ven are 
mtJtors .and nrocess 
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Co|T t>K PUMPiNc^ Acid. ,• 


y- 


^Duty of pump. 

• a 


<X I • Cu«>t per to% of acid puwed. ^ 

? i ^ -P • 
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Totel. 
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; # 

i0,00)w#*0f> 043 04)7* 
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TNT nytxed acirt from mixers to* 25 si if, 000, 0*04 1 o 50 i o*o7 
bleniBS's.’ ^ * 

TNT mixed ^id from blenders 23 f (4 
j. to storage tanks. * 

TN'r mixed acid from sloragt" 25^ 
trfflffcs to tiitration housc^. 

90 per ient. sulphuric acid from 
concentration pilanl to mixers, 

93 cent, sulphuric acid for 30 




20,cxx)* 0^4 t'‘43# 

3,5oc^ 013 


• » 

1 ■ !(>• <r ib 


^rdlort f^*d from mixer to storage. 
9 ^per COTt:*sulphuric|a(«id from 30 


9cj.,per ^ ^ 

storage to oleum plant. 


3 1 2,000 01^^ t) ‘ 33 o 04 

6 20, OCX) <f) 07 i 0*32 o’ 04 
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0*61 

^56 

o*54* 

45 
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^ 111 the preceding tahh’ riowcr^is reK‘ko]^j*cl id. j)t'r dhitvThe 
inainlonance costs, the material cd^st for w^uch indudt'S cc^^sl of^^ 
pumps and parts, repj^sent fair averagers for Ihg year 1918. It 
rfevfd-cnt froni^the figi/es sliown tliat maintenance charges constitute 
the heaviest item ‘^1 the^ working costs, particularly the cosl of 
material. 


As tlie effic iency of a ].)um]) decreases with continuous working, it 
is customary, when this figure has declined to uelow 30 jier cimt. of the 
maxirfuini, to operate tw()j)upps at the same time rather tlian torenfece 
the piuinps immediately. This ('ourse is takcui in vievv^of the lo^’^|iowei^ 
cost in ndation to the losl of renewal of tht'^puni]).^ ^ ® 

The least satisfactory case is shown by 11 i% philips used to driver 
90 jier cent, sulpliuric' a(‘id Irom ihc' ('onceiitiatioii plant to the slorag^^ 
•tanks at the mixers. As mentioned elsewheix*, the ifiost troublesome 
factor undoubtedly is the high temperj tiirc* of tjie acid, which is rftainly 
responsible forJ;he e^wessi^e wear andvtear. Ihis is seen frtun the tact 
that when the temjieraturc is reduced to about 20° C.^ iTi^ coslp of 
pumping the .same VcTfiety of acid is redliced approximately 70 per ceftt.^ 
Centrifugal pumps liavc since been substituted to some extant 
Dcxuglas puf^ps for use with this variVty of acid.’^^^K,^ 

* In conclui?ion, it may be stated tln-t the duty foAvhicl#ihe^ougla§ 
pump be said undoubtedly to have "justified its sel(*cUon is that of 
pumping inixturgs of nitric sulphur^' acic^^. J^roviLlcd.That the 
acid ijje ke;pt#cool, little troublfns exfierienccjl. • 


THeORT A^jD |f>R4CTlCE; #F ^qp 


Sludg^ i^rmat^qn. 

i Thesubj^.tof thS ^)rmafuyi.aad sub^uent utilisation ^ sfcdge 
isi*one which deufancls co^siflendde at^eiVricija in fl^djp^es upngQarge 
quaiuities^of acids, »id it is one whij[!h Svell repays theMiine a«d < 
thought given itf owi*!^ to the vaJoable nature of the ipMerials 
involved^ Tlj(^ follo^yin^'iimarVs may be ol intere^st sus suimnajrisiug in ^ 
H*sliort account the nature!^ olf the psokJcmsiCis aSvhoSe.* 5 »" 

Tyjofi of SIr^ oafiKSS. 

*(^i) sludge formed on ^ iron in suipnunc acm^or tn wmi^ 
spent ^/d.— This consists aknost entirely ^of ferrij.' sulpliate .wjfich is 
preemktated (‘onraitralion of th(|. acid or on cooling, ^uch sludge 
often cbiftains some ofTue ingredient^ (such as asbestos) of putties and 
cements which lia\1? in (‘ontJJ t v^ith thf acid or acid vapours. 

(a) Slk(ige formed by solution of nitrocellulose fn a mixed acid.z -This 
yiaterial Ijas been suggested as being possibly of value if rec’overed, but 
Investigations do support this view. 

/ (3) Sludge formed b^ solution of lead in acid . — Jimminatibn^^of le§id 
tanks used fqr storing weak sulphuric acid of 78-79 per cent, strength 
at temperatlires ranging from 60°“ 1 oc/ » C. revealed the fact tl^at ttK} 
extent an^l charac ter of tli« destructive action varied as follow’s X— 

* (d) The w hole surhtec pf the ta^ik ('ov*.‘red by aeddhad been eejuaily 
f '^affected, or 

(6) The action kad been c'onfmed to loc'al aifcas, more or Ic^ss in tj(ie, 
forfti of holes. Those holes appeareeV to be < two kiiids, 
viz. : - . ^ 

^i{i) A ('ountersLink hole having irregular walls. 

(2) A hole c‘ut through as though pierced with a 
sharp borer.' 

Difficq}tiei^ reialtmg from Sludge formation. ^ 

J (a) Blockage <nf/pipes, yalves, tower packing, <S:c. 

(b) Bad conductivity, which affects the even healing of vessels 
containing mixed acicis,^. 

V. (c) Fixation of iron, Icmd, &i\, by tlie acid with subsequent 
loss of — I 

^ ‘ (i) Acid. ^ k 

^ (2) Vessels containing; the acid. * 

^{d) buss‘5f acrid when vessels have to be sludged out, there being a 
Jtd^ev of acid in immediate c'ontact wdth the sludgef^ 

'(e)*A scM'alled empty tank .sometime^ crontains sjiuige at the 
bottom, and as thL<' j^ acidu', coiTosive aedion is alway$i proceeding, 
^thereby wea^enrfTg^ the tank. 'Hiis generally Remains* undisco vere )3 
until tliPiJ^taiik is put into commtesion again. | 

. *of Stdphate Sh^.-^The four alternaliv<« which 

*pres^ tJte«a3se,fves in connection with \he utilisation 6f this ^dge 
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filtration contains^about 40 dot cent. of. free H.SO.i are as 

UtilURtioi^in substiliu^on for e<miarjrtent «f<i^titfe^f sulphuria 
'%add in tht maniii^tu(e of nitric ac^d by tl»e ret<jrt proceSt 
nlfhistSffii be effecfecTJay puddlin^the sl«dge and pumping it 
by means of a ceifln'il^gal pump ii^ fce^l boxes situ^^ted 
above the retocfc. n so utili^giba^trMion of the sluddb 


by means 
above the 


De effecieJfby puddlin^the sludge and punipilTg if 
of a ceirtriLjgal pump fcejl boxes sitUs^ted 
? retocfc. w so utili^g<k*^llr^ion llie^ sludgfe 
)^is«unn^essa|y.^ • ^ 

ove mglnbii onlj^ie frecu JUilpburic content #[ the 
^Jitilised^he ferric sulplyfe bfti(^g^losl in ^he 


'ss ui sulniiunc 
l^'s ihA this 
lilric a'Mch And 


c§lje. An alternative is to treat tfae^ ^dudge with ^rSplion 
in^rder to recover^tlie for A: sutii/ate ^d excess of sulphuric 
add in tlift form of fe/rous sulphate, ^t folly's thra this 
^Heme is onfy practicable in lheabs«»(‘e of nitric a'Mch And 
it is not therefore applioiblj.in the case oksludge prodiw.‘ed 
fcby fresh or ^ent*iiiixed^aiuas. Ttis^nilthod of dealing with 
iron sulphafc sludge is the general practice in itiTany^cid 
works. 

[3) Filtration of tlie sludge in order to recover l^ir bulk of the ftrej 
I ^cid which it contains. 

Dist i nation toT the sludge and %introd£ctioii of the sulphur 
V triox^de so obtained at a convenient point in th^add cycle. 

F&dation of Sludge. — The third method igiv^i above w^s f(j^' a 
variety of reasons the most suiteble ^le to ad^t*«at Queen's Ferry^ang 
a brief description of tlie jmx ess niiiy Lc of interest. In almf)St e^lery 
case acid tanks are ])ro\ idled with c^utlets or run-oH pipes to permit of^ 
?ne*isasy rem«%’al of ti^e sludge therefrem. When it R considered 
desirable to sludge ouf the Uinks as much acid is run off as is possible, 
and the sludge is then stirred uf) and run on to the Wler. Thettank 
is then thorouglily ( leaned with the i?ttiallest j)ossible quantity of 
water, and the laltcr is also run to the filled The acid is^ run ofl 
and ranioved by means of au air lift or oilier suitable mechaniurf 
means, ^and the cake of sludge is allowed to settle for seyeri^ 1 tdftus, 
during ^whi('h i)eriod a furtlier quantity of* acid (fc.'dns awtiy. The 
product after treatment in this manner contains m>|)roxinmteIy i8per 
cent, of H2SO4, and one cubic' foot of tlie. wet*nicnerial weighs abg)ut 
1 12 lb. The lilter used consisted of a rectangular pottery receiver 
fifsed for weak nitric acid. This was packed* witlf ('h<[uer bric kwork, 
ring packing and graded quartz, l.ciA filters diave also been in* usef 
and were packed in »S<Linikr manner t^ that described aboveik 
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